A Conceptual Framework for Science Education: Investigating Curricular Materials and Classroom Interactions in Secondary School Physics by Zylbersztajn, Arden
A CONCEPTUAL FWIEWORK FOR SCIENCE EDUCATION : 
INVESTIGATING CURRICULAR ýIATERIALS AND CLASSROOM 
INTERACTIONS IN SECONDARY SCHOOL PHYSICSo 
by 
Arden Zylbcrsztajn 
In partial fulfilment of the requirements for 
the degree of Doctor of Philosophy, University 
of Surrey, 1983. 
S- 9 
i 
TO CECILIA 
(she knows why) 
ii 
SUNDIARY 
In this study a framework considering the transformations 
and interactions of different forms. of knowledge is proposed 
as a way of conceptualizing cognitive aspects of science 
education at secondary school level. It is argued that the 
framework is compatible with a recent constructivist trend 
in research which stresses the role played by children's 
existing conceptions in the construction of their knowlcdgco 
In the first part of the thesis the components of the 
framework (scientists', curricular, children's, teachers' 
and students' science) are described. The second part con- 
sists of the presentation of four case studies in which 
textbooks and instances of classroom interaction in secondary 
school physics are explored, 
In the first two case studies the framework is applied 
in the exploration of two topics of secondary school physics: 
"Light and Colour" and "Force and Movement". Aspects of 
the curricular presentation of the topics and of the instances 
of classroom interaction observed are analysed. In the 
remaining case studies, two instances of classroom inter- 
action involving laboratory practice are also analysed. The 
case studies present a critical review of the aspects observed 
in the light of a constructivist view of knowledge* 
In the concluding chapter of the thesis some implications 
for practice and research in science education are considered. 
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CHAPTER ONE 
INTRODUCTION 
1. INTRODUCTION 
1.1 Alternative ConceDtions and Contruction of Knowledre 
The fact that children tend to develop their own 
conceptions about ccrtain aspects related to the nature of 
the physical world has been known for a long time. Formal 
research on this topic can be traced back to the earlier 
work of Piagct (1929; 1930) in which the clinical interview 
technique was employed for the investigation of children's 
interpretation of natural phenomena, 
Only in recent years, however, research workers in the 
field of science education appear to be realizing the full 
educational implications of this form of knowledge. Gilbert 
(1980), reporting on the "Cognitive Development Research 
Seminar - Science and Mathematics Education", held at the 
University of Leeds in September 1979, observed that: 
op 
"Ibe area that attracted the greatest interest, as mnifest by the number of papers, liveliness of discussion and number of informal group meetings, was that of 'alternative frameworks', i. e., student conceptions that differ from scientific norms, and their implications for teaching. " 
(Gilbert, 1980) 
Steadily increasing research evidence, accumulated from 
different sources, indicates that these conceptions, in the 
form of expectations, beliefs and meanings for words, cover 
a large range of science concepts. They can be seen as 
providing an understanding of the world from the person's 
point of view. There are also indications that, for most of 
the pupils, some of these alternative conceptions are strongly 
held and resistant to traditional formal teaching. 
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Rather than the discovery of a new phenomenon, what 
seems to be emerging from this new research wave is a new 
interpretation. Instead of being regarded simply as primi- 
tive forms of understanding, that can be easily disposed of 
in the process of formal schooling, these alternative views 
of the world are now starting to be seen as personal expla- 
nations, which make sense from an individual's point of 
view. Therefore, their integrity should be granted and 
respected in the educational process. The corolloxý is not 
that alternative conceptions should remain unchallenged, but 
that the challenging processes must be reviewed, 
This change of perspective is clearly reflected at the 
sen! antic level. References implying a negative connotation, 
such as "misconceptions" are being replaced. Driver and 
Easley (1978). for instance, prefer to talk about "alterna- 
tive frameworks"; Osborne (1980) suggested the expression 
"children's science" to signify pupils' world views which 
do not conform with the accepted scientific ones; Claxton 
(1982) suggests that children develop "mini-theoriesllp and 
uses terms like "gut science" and "lay science" in order to 
contrast them with "school science". 
The new terminology can be interpreted as signalling 
perspective in science a movement towards a constructivist 
education. According to this perspective science education 
should acknowledge the role of individuals in the construct- 
ion of their personal knowledge. This implies the acceptance 
of the fact that pupils do approach teaching-learning situations 
not as impotent reactors, or as a "tabula rasa", but with 
already existing conceptions which play a role in the way they 
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make meaning of what they are expected to learn. 
Apart from being influenced by the research in the 
field of alternative frameworks, the shift towards a con- 
structivist position was also influenced by a growing 
awareness by research workers in science education of the 
changing perspectives experienced by philosophy of science 
in the last 20 years. Na7ve realism-postulating a one-to- 
one relationship between theory and realityý! - and cmpiricism 
assuming scientific knowledge to be directly derived from 
sensorial experiences - were discarded as accounts of the 
nature of scientific knowledge. The work 6f Hangon (1958), 
Toulmin (1961,, 1972) , Kuhn (1970) and Feyerabend (1975) among 
others, stressed the role played by worldviews or "Welt- 
anschauungen" in the generation of scientific knowledge. 
The connections between a constructivist perspective, 
the modern views in philosophy of science, and recent develop- 
ments in science education research were indiC2ted, by Driver 
(1979): 
it... pupils, like scientists, come to science lessons with some ideas or beliefs already formulated. These beliefs affect the observations they make and the inferences they draw from them. Pupils, like scientists, have construed a view of the world to enable them to cope with situations. Changing this view is not as simple as giving pupils addi- tional experiences on sense data. It also involves helping them to reconstruct their theories or beliefs, to undergo, if you like, the paradigm shifts which have occurred in the history of science. " 
(Driver,. 1979) - 
/ 
In the passage, quoted above, Driver was making use of 
a metaphor, "man-the-scientist", created by George A. Kelly 
to synbolize his view of human behaviour, expressed in his 
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Personal Construct Psychology (Kelly, 1955). Although not 
the only theorist whose views could be accommodated in a 
constructivist framework, Kelly deserves special mention, 
since, more than any other, his name has been associated 
with a constructivist posture. The view that Kelly's 
Personal Construct psychology, and its associated cpiste- 
mology, Constructive Alternativismycan provide a new and 
relevant approach for education in general and science 
education in particular, has been voiced recently (ASE, 
1979; Pope and Keen, 1981; Gilbert, 1982). 
Personal Construct Psychology is a growing field of 
research, but since it was initially developed for clinical 
purposes itis not surprising that its applicationsto the 
educational field, although promising, arc in an embryonic 
stage. The full implications, arising from the adoption 
of Kelly's framework as a basis for science education have 
yet to be developed, and it is outside the scope of this 
study to do a profound analysis of Personal Construct 
Psychology and its possibilities for science education. 
Nevertheless, since some of Kelly's ideas can illuminate 
aspects of the constructivist perspective followed in this 
thesis, the presentation of some of its basic assumptions 
is worthwhile. 
Kelly's approach to human behaviour is based on a meta- 
phor, "man-the-scientistl., which is justified on the grounds 
that: 
"To a large degree - though not entirely - the blueprint of human progress has been given the label of 'science'. Let us then, instead of occupying ourselves with man-the- biological organism or man-the-luck-y-guy, have a look at man the scientist. " (Kelly, 1963, p. 4) 
When spealk-ing of "man- the-sc ientist" , Kelly makes it 
clear that he was not referring to those who made science 
their main activity or profession but that he was speaking: 
It... of all mankind in its scientist-like aspectsp rather than all mankind in its biological aspects or all mankind in its appetitive aspects. However, we are speaking of aspects of mankind rather than collections of men. Thus the notion of man-the- scientist is a particular abstraction of all mankind and not a concrete classification of particular men. " 
(Kelly, 1963, p. 4) 
Kelly's insights in exploring the scicntist-likc aspects 
of human behaviour led him to reject the model of man assumcd 
by behaviourism, the dominant current in psychology in the 50's. 
Instead of picturing people as "impotent reactors" Kelly 
stressed the idea that people understand themsclves and their 
surroundings, by anticipating future events through the con- 
struction of tentative models. These models are evaluated 
against personal criteria, such as prediction and control of 
events based in the model. 0 
Although admitting the existence of an external and 
independent reality, Kelly claimed Alf&-ýa- pr esumptuous to 
assume that a person's constructions of reality are convergent I 
with it. He suggested that events are subject to as great 
a variety of constructions as our wits would enable us to 
contrive and rejected an absolutist view of truth. In this 
sense even the most highly devel'oped scientific theories are 
to be considered as provisional in nature and open to re- 
construction. However, taking into account that an indepen- 
dent reality does exist, some constructions are better than 
others in coping with it, 
The acceptance of a constructivist pcrspcctivc would 
certainly imply a revision of approaches to science education, 
Addressing this issue Pope (1982) points out that: 
"For Kelly, successful communication between people depended not so much on commonality of construct systems but upon the extent to which people could 'construe the construct system of the other' - i. c., have some empathy and und&rstanding of someone else's constructs uililst not necessarily holding the same constructs oneself. Ibcrc is now a growing group of educators who argue that, for the tcaching lcarning dialogue to be effective, it is important for the teacher to come to an understanding of the students' frameworks. " 
She also stresses the pedagogical importance for the 
pupils to be exposed to a range of conceptions held by the 
teacher and their peers. This interchange of ideas can 
facilitate communication and "offer a further range of 
experience within which pupils may reconstruct their models" 
(Pope, 1981). 
The Personal Construction'of Knowledge Group (PCKG) 
at the Institute of Educational Development - University of 
Surrey, has been particularly concerned in working out some 
of the implications that a constructivist view can have for 
science education. The study forming the thesis is intended 
to be a contribution in that direction. It is one Of its 
aims to explore some possibilities by adopting a critical 
analysis of some current practices as a starting point* 
1.2 A Conceptual Framework 
From the constructivist perspective assumed in this 
study, alternative conceptions held by school pupils (and 
older students) are to be regarded and respected - and by 
this I do not mean remain unchallenged - as part of an in- 
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dividual person's view of the world* Osborne (1980) 
suggested the expression "children's science" to describe 
those views of the world (composed by beliefs, expectations 
and meanings for words) which do not usually match with 
their scientific counterparts, "scientists' science". 
In a paper written in 1980, Gilbert, Osborne and Fensham 
(1982) introduced the expression "teacher's science" to 
represent the teacher's viewpoint or ideas, as presented 
to a group of pupils, Teachers, however, usually prepare 
their lessons by using curricular materials, and since a 
specific curriculum can be viewed, in itself, as a particular 
version of scientific knowlcdgelthc expression "curricular 
science" can be suggested to mean this version. With this 
fourth element included a more complete picture of the trans- 
formations and interactions between different forms of 
knowledge, in the context of secondary school science education, 
can be articulated (Zylbersztajn, 1980) as depicted in Figure 
1.1. 
curriculum- /'- '\ lesson planning 
Fig. 1.1 The Conceptual Framework 
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In a first stage, "scientists' science (SS is trans- 
formed into "curricular science" (SCOP in a process mediated 
by the action of curriculum planners (e. g. textbook writers; 
members of curricula development projects). Science curricula, 
either in their simplest forms (c-ge a textbook) or in 
their more refined versions (e. g. as an integration of MAOk, &. -4 al 
w_-7-117 
printed, AV#, Iand laboratory materials, plus teacher's guides) 
arc here conceived of as structures representing versions of 
scientific knowledge* 
The second stage of transformation occurs when a 
curriculum is implemented by a particular teacher, concerned 
with a particular group of pupils,; uo-particular school. 
One of the assumptions of this study is that teachers inter- 
pret the structure of a curriculum in the light of their 
own conceptual structures and their perception of the 
situations they are involved in. Therefore, what is conveyed 
by them to their pupils - "teacher's science" (ST) - can be 
seen as a result of the interaction between teachers and 
"curricular science", in a specific context. 
The third stage of transformation takes place in science 
courses, when pupils perceive, interpret and process what is 
presented to them , constructing their own personal meanings 
from the activities they are asked to perform. It is in that 
process that their previous knowledge - "children's science" 
(Sch) - seems to play an important role. Those activities 
are conceptualized in the framework as the interaction between 
"children's science" and "teacher's science", the result of 
which is named "students' science" (SST)- 
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The conceptual framework presented above offers a sim- 
plified picture of the complex reality it is intended to 
represent. Teachers, for instance, may'complement their 
lessons with information extracted from sources other than 
curricular materials; pupils 'in their turn may interact 
directly with textbooks and other sources of information, 
particularly in the case of individualized Ivarning schemcso 
Ncvcrthclcss, even considering these possibilities, it 
can still be argued that the framework described, represents 
major transformations of knowledge occurring in the context 
of secondary school science education. As such, it provides 
a distinct way by means of which science education at that 
level can be, on first approximation, conceptualized. A way 
that stresses the important role played by the pupils' al- 
ternative conceptions, and therefore is compatible with the 
recent trend taken by research in science education* 
1.3 Statement of the Study and Outline of the Thesis 
The rest of this thesis is divided into two parts. 
In Part A (Describing_ e Framewor my main concern is to 
characterize the components of the conceptual framework 
introduced in the previous section. Therefore, in Chapters 
2 to 61 describe in detail euch of the forms of knowledge 
composing the framework and present results of research 
related to them. This part of the thesis is mostly based 
on a review of the literature. Of particular importance 
in Part A is Chapter 2. Scientists' Science. In it I state 
the view of the natiire of scientific knowledge which, together 
with the constructivist view of human knowledge in this 
chapter, constitute the main assumptions of this study. 
In Part B (Applying the Framew , four case studies 
are presented. This presentation was designed to serve two 
purposes. Firstly, it is intended to illustrate, with 
concrete instances, the forms of knowledge described in Part A, 
and in this sense, it has a clarificational purpose. SccondYtj 
the case studies offer me the opportunity of exploring 
some situations in secondary school science education from 
the point of view provided by the conceptual framework intro- 
duccd in this chapter. The methodology of case studies was 
selected bccause. it allows the exploration of the situations 
investigated with a depth and level of detail that cannot 
be achieved in more quantitative studies. 
This exploration consists basically of a critical analysis 
of some selected curricular materials and some instances of 
classroom interaction. In the former case my main ain. is to 
show how the analys Is of "curricular science" can be informed 
by a study of "scientists' science" and "children's science". 
In the latter, the focus of attention is on the interaction 
between "teacher's science" and "children's science". A 
detailed description of the case studies is presented in 
Chapter 7. 
In the first two case studies the conceptual frameiýork 
is applied comprehensively. Practical limitations inherent 
to the production of a PhD thesis, however, restricted the 
scope of the other two. In them the investigation is 
concerned primarily with the; %classroom interaction component 
of the framework. Even so, their inclusibn'-can b'e)ustified 
on the grounds that they involve instances of classroom inter- 
action which are qualitatively different from the ones con- 
sidered in the first two case studies. 
In the presentation of the case studies (Clinpters 8 to 13) 
I follow a critical approach which allows me to highlight and 0 
stress the contrasting points between the practices observed 
and the assumptions underlying this thesis with regard to the 
nature of knowledge in general (a constructivist view) and 
scientific knowledge in particular (a view based on the work 
of T. S. Kuhn). Although acknowledging the fact that case 
studies do not provide scope for straightforward general- 
izations, I believe that the situations selected for explora- 
tion arc rcprcscntativc, and the critique, therefore, rclc- 
vant in relation to current practices. 
The critical approach followed in the presentation of 
the case studies has a value of its own, since any change 
of a given situation presupposes a critique of it. On the 
other hand, a sense of incompleteness remains if a critique. 
is not complemented by a consideration of its implications. 
This aspect is, therefore, considered in the final chapter 
of this thesis. 
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The situations considered in this study are particular- 
ized to the subject of physics at secondary school level. 
The decision 1: 0 limit the investigation to this subject 
was based on the assumption that my acquaintance with it, 
derived from my previous experience as a physics teacher, 
and as a lecturer in the practice of physics teaching would 
enable me to bave. a-deeper understanding of the situations 
studied. Therefore, this choice reflects a personal limi- 
tation, rathei than a limitation of the conceptual-framework 
proposed. 
CHAPTER TWO 
SCIENTISTS' SCIENCE 
2. SCIENTISTS' SCIENCE 
2.1 Introduction 
My aim in this chapter is to approach the topic of 
"scientists' science" by considering contrasting views 
related to the nature of scientific knowledge. The major 
concern here will be located on a general philosophical 
level and no attempts will be made to analysc the nature 
and evolution of particular scientific conceptions (e. g. 
the concept of force; theories about the colours of light). 
This sort of more detailed analysis of particular instances 
will be undertaken in later chapters of the thesis. 
The reason for starting with a presentation drawing 
heavily on the philosophy of science is that it will allow 
me to state from the very beginning the view of the nature 
of scientific knowledge which will function as a background 
for the rest of the thesis, 
It is generally admitted that one of the aims of science 
education should be the acquisition by the students of an 
appreciation of the nature of the scientific enterprise, 
and even some traditional textbooks do pay homage to this 
ideal: 
"Me whole text has been planned and revised, not only as a fim. basis for the studies of future physicists and engineers but also present physics as a human intellectual discipline with deep roots in the past and largely responsible for the development of our technological culture. " 
(Abbot, 19789 Preface) 
Sometimes this preoccupation generates pedagogical advice: 
"The schoolboy learning physics is a physicist and it is easier for him to leam physics behaving like a physicist than doing something else. " 
(Bnmer, 1960, p. 14) 
A view that was also to be incorporated in the so-called 
"Nuffield spirit": 
"The pupils can acquire the feeling of doing scicnccq of being a scientist. Some teachers even like to set the tonc of work in the lab by saying: 'Be a scientist for the day' off (Rogers and Wenham 9 19 7 7a ,p- 5) 
However, as it will be shown in Chapter 4, most physics 
curricula do convey a view of the nature of scientific 
knowledge that has been superseded by modern philosophy of 
science. In order to set the background for the illustration 
of this fact, and to suggest an alternative, the present 
chapter will consist basically of the presentation of two 
contrasting views on the issue. 
The empiricist view of scientific knowledge, that domina- 
ted philosophy of science during nearly three centuriespis 
initially discussed with special emphasis being placed on 
the classical empirical-inductivist account (which will be 
shown to be still influential-in school science nowadays) 
and on its sophisticated offspring, logical-positivism, 
The section on empiricism is followed by the presentation 
of T. S. Kuhn's views about the nature of scientific knowledge. 
Kuhn was not the only one to present alternatives to the 
empiricist tradition and can be seen as one representative 
among others in the reaction against logical-positivism which 
took place during the last 25 years. There can be no doubt p 
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however, that hjs views have been highly influential, and 
the importance of exploring his views in the context of 
science education have already been hinted at by several 
authors (Cawthron and Rowc1I, 1978; Donclly, 1979; Richardson 
and Boyle, 1979), 
S10 ince this is not a thesis on philosophy of science 
I do not feel obliged to argue extensively for adopting a 
Kuhnian perspective method instead of the ones of other critics 
of logical-positivism such as . Toulmin, Popper, 
Feyerabend and Lakatos for instance. The state of disagree- 
ment in modern philosophy of science, apart from its abhorence 
of logical-positivism, does justify a science. educator. to, 
pragmatically, choose one particular view. From a personal 
perspective, however, I could explain my inclination for Kuhn 
by saying that it is related to the match between his views, 
particularly those concerning normal science, and my experience 
as a student in a physics deDartmente Nevertheless, in pre- 
senting Kuhn's views I will draw attention to some of the 
criticisms that have been levelled against them, together 
with the attempts to answer those criticismso 
2.2 mpiricism 
2.2.1 Classical Empiricism. The origins of a systematic 
empiricist philosophy of science can be traced back to the 
attack launched by Francis Bacon, * in the early seventeenth 
century, against medieval scholastism. By pleading that 
natural philosophers should accurately observe nature rather 
than involve themselves in sterile arguments about the 
Aristotiha% doctrine, he established the basis of what was 
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to become known as the empirical-inductivist view of science 
(sometimes also called Baconian inductivism), 
Bacon was very much a Renaissance mant and one reason 
for the impact of his ideas was that they captured the 
intellectual climate of his time, during which different 
aspects - logic, theology, physics and ethics - of Aristotelian 
scholasticism were under pressure (Quinton, 1980). 
The acceptance of Bacon's approach can also be seen as 
a reaction against Cartcsian rationalism. In opposition 
to I)cscartcs. who envisaged an, cxplanation of the universe by 
means of a comprehensive deductive mathematical theory based 
on his rules of method, Bacon proposed an inductive treatment 
of systematic experimentation. Universal knowledge was to 
be achieved through large schemes of research, which would 
produce massive amounts of data from which scientific 
knowledge could be extracted, 
The cornerstone of Baconian inductivism is the principle 
of induction which asserts that "universal statements", which 
constitute the essence of scientific laws and theories, can 
be generalized from a finite number of "singular statements" 
based on observations. Inductivist generalisations are 
considered to be valid provided that the number of observations 
is large, that they can be replicated, and that they do not 
conflict with some of the singular statements, Once such a 
body of scientific knowledge is inductively built up from 
an observational emprirical basisq predictions. and explana- 
tions can be generated through a deductive procedure. 
In his "Novum Organum" Bacon formulated an algorithmical 
approach for discovery according to which "all" observed 
instances of a given phenomenon were to be recorded systc- 
matically. In a second stage the compiled tables of obser- 
vation were to be analysed and relations sought for. It 
was Bacon's belief that even people of modest intelligence 
could be trained to do scientific research by following his 
methodological rules and that, therefore, scientific progress 
would not be dependent on the rare emergence of scientific 
geniuses (Brush, 1974a). 
In spit6 of this optimistic claim, Bacon's own contri- 
bution as a natural scientist was almost nil, -and his brilliant 
insight in the nature of heat, as resulting from the motion 
of small particles of matter, was based on hypothetical- 
deductive arguments rather than on inductive reasoning (Jevons, 
1969). On the other hand, his contempt for speculation led 
him to reject as non-scientific theories like Gilbert's 
magnetism and Copernicus' astronomy. It must be acknowledged, 
however, that his writings helped to establish science as a 
modern social institution, and that earlymit-mbers of the Royal 
Society were strongly influenced by his empirical and 
utilitarian view of science (Brush, 1974a)* 
If Bacon formulated the methodological basis of classical 
empiricis m, its epistemological justification was first 
articulated by Hume in the mid-eighteenth century. Although 
he did not accept induction from a logical point of view, he 
justified it by means of a psychological account on how we 
form the habit of expecting the future to be similar to the 
past, and how we act in accordance to this habit. Further- 
more, he argued that sensory impressions are the ultimate 
existents and the fundamental building blocks of reality. 
In this way statements of matter of fact are referred to 
the experienced world and the truth value of such statements 
is determined by rcfcrencc to experience (Brown, 1977). 
Baconian inductivism and Humean epistemology were blended 
with the materialistic and mcchanist; cvicw of the world that 
followed the success of Newtonian mechanics, generating a 
view of scientific knowledge which became widely held both 
by philosopher's' and scientists during the nineteenth century. 
This view is summarized by Suppe (1977): 
"nus, according to mechanistic materialism science can present a picture of the world firmly based on empirical inquiry, rather than upon. philosophical speculation. In this picture matter is primary, and there is no doubt that a real, objective wortd exists independent of indi- 
. vidual perceivers; science is the discovery of the mechanisms in this objective world whereby animate and inanimate matter behaves and realizes itselfe The product of science will be mechanistic laws governing life and the world - that is, mechanistic laws governing matter in % motion. The scientific method yields immediate and object- ive knowledge of these. laws, and is capable of doing so by empirical investigati6n without any resource to philosophical speculation. Thus there is no place for a priori elements in natural science or in empirical knowledge. Observation of the world is inr. iediate in the sense that no a priori or conceptual mediation is involved in obtaining observational knowledge; observation in accordance with the procedures of natural science is sufficient to yield Imowledge of the world's mechanistic nature. " 
(Suppe, 1977, p. 8) 
0 The empirical-inductivist view of scientific knowledge, 
systematized by J. S. Mill in his "A System of Logic", 
published in 1968, became a common popular account of the 
nature of science. Chalmers (1978) observes that the appeal 
of this view seems to lie in the fact that it gives a formalized 
account of popular impressions regarding the nature of science, 
such as its explanatory and predictive power and its object- 
ivity and reliability when compared to other forms of knowlcdgco 
2.2.2 Logical-Positivism. The empirical-inductivist account 
of science described above is still today a commonly held view 
and certainly a strong component of the school science ideology 
(Cawthron and Rowell, 1978). However, as far as philosophy of 
science is considered, it evolved towards a far more sophisti- 
catcd articulation -logical positivism -which dominated the 
field from the . 1920's to the late SO's, 
Logical-positivism can be regarded as an extreme form of 
empiricism in which the thesisithat scientific knowledge was 
to be restricted to claims founded directly on empirical 
experience and metaphysical speculations were to be uprooted 
f rom human enquiry, was pushed to an -extreme According 
to it assertions about the world were regarded as meaningful 
only if their truthness could be empirically checked* This 
view generated a "verification theory of meaning" which 
assumed that the meaning of a term is its method of empirical 
verification and therefore meaningful discourse was to be made 
(or at least rephrased) in a phenomenal language (Suppe, 1977). 
The central task envisaged by logical-positivists was the 
development of a precise and consistent language in order to 
overcome the pitfalls of ordinary language. The problems faced 
by logical-positivism-were primarily-logical problems such as 
the logical structure of theories and the logical relations 
between observation and theory. Although it is out of the 
scope of the thesis to give a detailed account of the problems 
faced by logical positivism (see Brown, 1977 and Suppc, 1977 
for this), in the next scction I will considcr two of them 
which are most relevant for this study. 
2.2.3 The Problem of Induction. The principle of induction 
has been under attack since the mid-eightocnth century, when 
it was challenged by Hume, on the grounds that it cannot be 
justified from a logical point of view. The argument makes the 
point, that no matter how large the number of singular obscr- 
vatigns. is, týcgcncralizability of the universal statcmcnt 
is always jeopardized by the logical possibility of a counter- 
example to be observed. A similar critique can also be applied 
to the idea held by some empiricist that the principle can be 
justified on the basis of experience. The empiricist argument 
is that, since universal statements based on induction appear 
to be obeyed in several occasions, the principle is correct. 
This argument, although psychologically appealing, is never- 
theless logically faulty: the fact that the principle of induct- 
ion worked in several occasions, does not justify the con- 
clusion that it will always be succcssfule 
Attempts to solve this problem led to a retreat to a 
weaker position based on probabilistic inferences, and to 
the development of forms of inductive probabilistic logic. 
Chalmers (1978) observes that this line of research contributed 
more to the discipline of probability than to an understanding 
of the scientific enterprise* 
Apart from the logical problems related to the justifi- 
cation of inductive confirmation, the Baconian view, held by 
classical cmpiricists, that scientific discoveries that were 
bascd on inductive reasoning had also been severely criticized# 
Even Galileo, who was traditionally presented as the archc- 
typical cmpirical-inductivist scientist has been shown in a 
different perspective (e. g. Koyr6,1978; Fcycrabend, 1975; 
Wallace, 1981). The image of Galileo derived from those 
sort of studies is that he arrived at his thcories, not 
through an inductive analysis of his data, but rather in spite 
of his data. 
The difficulties facing an inductivist logic of discovery 
is illustratdd4by a comment of the Nobel prize physicist 
Steven Weinberg, concerning Hubble's conclusion, in 1929, 
that a linear relationship exists between the velocities and 
distances of galaxies: 
"Actually, a look at Bubble's data leave me perplexed how he could reach such a conclusion - galactic velocities seem almst uncorrelated with their distance, with only a mild tendency for velocity to increase with distance. In fact, we would not expect any neat -relation of proportionality between velocity and distance for these 18 galaxies - they are all too much close, none being further than the virgo cluster It is difficult to avoid the conclusion thatp_ relying efflTe-r on the simp e arguments sketched above o-r the related theoretical develo]2ments to Be U1Fc-qsseU-FcTaWt Hubble knew the answer He wanted to get. " 
Oqeinberg, 1978, p. 35) (Emphasis added) 
The problems concerning an inductive logic of discovery 
led logical-positivists to assume a distinction, introduced 
by Reichenbach (1938j, between the "context of discoveryll 
and the "context of justification". According to this view 
problems concerning the context of discovery belong to the 
field of psychology, and only problems concerning the justi- 
fication of scientific theories are to be considered inside 
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the scope of philosophy of science. However, even in that 
restricted context, logical-positivism failed in its attempt 
to develop a thcory of confirmation based on inductive logic 
(Brown, 1977; Chalmers, 1978). 
2.2.4 The Theory-Ladeness of Observation. The most basic 
assumption of empiricism is that scientific knowledge should 
always be referred to on an observational basis. Enshrined 
in that assumption is the belief that observations performed 
by unbiased scientists give direct and objective access to 
the real world and reveal it as it is. The privileged status 
of the observational basis, which characterized classical 
empiricism and logical-positivism is a product of that belief. 
One of the better known challenges to this assumption 
was presented by Hanson (1958). He argued that the act of 
perception in itself, and not only the interpretation of 
perception, is influenced by the observer's past experiences 
and worldviews. A nuclear physicist, for instance, will. 
-perceive, in a cloud chamber, tracks. of atomic particles, 
while an untrained person would just note a succession of dots. 
ine. -a damaging. challenge was . In the same I 
directed towards the neutrality of singular observational 
statements, which according to the logical-positivists should 
constitute the public language of science. Critics of logical- 
positivism, such as Hanson (19S8)*, Kuhn (1970a) and Feyerabend (1975) 
argue that observational statements always presuppose, at 
least implicitly, a theoretical background. They observe 
that even simple observational statements such as "the electric 
current is X ampbres involve theoretical presuppositions about 
the meaning of electric current and about the functioning 
of the apparatus and used to perform the measurement. 
In this sense, observation is theory-ladene 
Popper (1968), Kuhn (1970a). Lakatos (1970) and Feyerabcnd 
(1975) presented historical and philosophical evidence 
stressing the role played by theory in the development-of science. 
According to their view scientists approach the observed 
phenomena guided by theories, which by acting as selective 
spectacles, dictate what is to be observed, how the obser- 
vations are to be conducted, and influence the conclusions 
to b6 drawn ftom the data, The quote from Weinberg presented 
in Section 2.2.3 serves to illustrate the point. 
2.2.5 Alternatives to Logical-Positivism. The difficulties 
faced by the logical-positivist philosophy of science in 
dealing with the problems above, and others such as the 
problem of reduction of theoretical terms to observational 
language and the problem of explanation in science, led to 
two sorts of development. On the one hand, some of its 
original assumptions were weakened leading to probabilistic 
forms of induction and to the partial abandonment of the 
verification theory of meaning. This moderate version of 
logical-positivism is sometimes referred to as logical- 
empiricism (e. g. Brown, 1977). 
On the other hand, more radical departures from the 
logical-positivist programme were articulated. In the 30's 
Popper published his "Logik der Forschung" (Popper, 1968), 
in which he attempts to substitute the problematic inductive 
logic of confirmation by a logic of falsification. Popperian 
falsificationsism is based on the notion that although a 
theory can never be proved to be true, it can be proved 
to be false by observations that are in disagreement with 
predictive statements logically deduciJ.. from the theory 
in question. In order to gain the scientific status, argues 
Popper, a theory must be potentially open to falsification. 
Scientific theories are regarded as conjectures which at the 
same time are-corroborated by.. successful predictions and are 
also open to experimental reputation. Once falsified, a 
theory should be abandoned and new conjectures proposede 
The Popierian proposal has been attacked on historical 
grounds (Chalmers, 1978). Newton's gravitational theory, 
Bohr's theory of the atom, the kinetic theory and Copernicus' 
theory are cases in which a new theory was not abandoned in 
its early-stages, in spite of falsified predictions. In 
those instances, the credit given to the theory proved to 
be beneficial for further development in the field, 
.A more radical departure from logical-positivism is 
found in the work of Hanson (1958), Toulmin (1961). Kuhn (1970"a), 
Lakatos (1970) and Peyerabend (1975). Contrasting with logic- 
positivism, this new approach to philosophy of science rejected 
formal logic as the primary tool for the analysis of science, 
replacing it by historical, sociological and psychological 
analysis. Suppe (1977) refers to this approach as lllqelt- 
anschauungen Analyses", because it assumes that science is 
done from within a "Weltanschauung" (view of the world; 
conceptual perspective); scientific research is then assumed 
to be an attempt to interpret nature in terms of theoretical 
presuppositions. 
Brown (1977) talks about a "new image of science" being 
created from the new concerns, problems and methods of philo- 
sophy of science. In the next section I will present some 
aspects of the views of T. S. Kuhn, who is probably the most 
influential representative of the "Weltanschauung" approach. 
The presentation does not aim to provide a comprehensive over- 
view of Kuhn's ideas, but will rather concentrate on those 
aspects which--are more distinctive in his views, namely the 
notions of paradigms, normal science and revolutions* 
2.3 Kuhn's Vi. ews on the Nature of Scientific KnowledBe 
2.3.1 The Kuhnian Approach. "The Structure of Scientific 
Revolutions" (Kuhn, 1970'a) can be seen as an attempt to 
delineate a new image of science, in opposition to the one 
disseminated by the dominant logical-positivist movement .. 
and traditional scientific historiography. The first edition 
of the book dates back to 1962, a time at which authors like 
Lak. atos and Feyerabend had not yet published their major 
works and Popper was almost completely ignored by philosophy 
of science. Although at that time Toulmin and Hanson had 
already questioned the prevailing tradition, the impact of 
"The Structure" was far greater, 
Kuhn's approach departed sharply from logical-positivism. 
The latter was mostly concerned with the application of the 
"rules of truth". developed by forinal logic, to the analysis 
of the relationship between theory and observation in science 
and with the development of a neutral observation language, 
in terms of which debates involving theories evaluation and 
choice could be conducted in an objective manner. Kuhn 
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adopted historical analysis as a major research tool nnd 
advanced arguments pointing towards an inseparable entangle- 
ment between observation and theoretical presuppositions* 
Any presentation of Kuhn's views is faced with the 
problem that, although his basic framework remained unchanged, 
some of his central ideas were reforumulated and clarified 
in the process of answering criticisms. In presenting 
Kuhn's views on the nature of science I will draw attention 
to major criticisms and modifications of Kuhn's ideas* 
2.3: 2 Paradigms, Disciplinary Matrix and Exe 
Departing from the historiographic tradition which presented 
a "development-by-accumulat ion" view of scientific progress, 
the model proposed by Kuhn depicts the evolving history of 
a mature science as a sequence of periods of "normal science" 
- periods of continuity to which the cummulative development 
view can be applied - interrupted by "scientific revolutions" 
- extraordinary episodes in which a change of professional 
commitments takes place. 
Besides periods of normal science and revolutions, Kuhn 
also considers a preparadigm period which precedes the first 
period of normal science research in a field, This period 
is characterised by a proliferation of paradigms rather 
than the absence. As Kuhn puts it: 
"During what is called, in Structure of Scientific Revolutions, 
the 'preparadigm, period', the practitioners of a science are 
split into a number of competing schools, each claiming com- 
petence for the same subject mtter but approaching it in 
quite different ways. " 
(Kuhn, 1977a, p. 235) 
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In spite of being its single most important concept, 
the word paradigm was employed ambiguously in the "Structure 
of Scientific Revolutions" (Masterman, 1970), In later 
essays, Kuhn attempted to clarify some misunderstandings 
that, as he himself acknowledged, were induced by the 
original presentation (Postscript - 1969 added to Kuhn, 1970a; 
Kuhn, 1970b; Kuhn, 1977a). 
According to these more explicit explanations the term 
paradigm was used both in a general and in a restricted sense. 
In the general sense -Kuhn would prefer now to call it 
"distiplinary matTixtt - the word paradigm was employed to 
denote the entire constellation of group commitments of a 
scientific community. When using the term paradigm in this 
thesis, I will be having in mind this general sense@ 
The main components of a disciplinary matrix are iden- 
tified by Kuhn as being: "symbolic general izat ions, " which 
cover theoretical laws shared by the community and usually 
deployed in the form of mathematical equations (e. g. F=d Pt 
V= IR); "beliefs in particular models", which supply the 
community with the accepted analogies and metaphors and which 
can be either of heuristic (e. g. electric circuit as a hydro- 
dynamic system) or ontological (e. g. corpuscular or wave 
model of light) character; "shared values, " (e. g. theories 
should be accurate in their predictions, should be simple, 
should be fruitful, should be con'sistent); "metaphysical 
principles" (e. g. the preference for field theories over 
particle theories); and exemplars, 
This last element represents the restricted sense in which 
the word paradigm was originally used by Kuhn, and to which 
he attributes the greatest importance. By "exemplars" lie 
means: 
It... initially the concrete problem-solutions that students encounter from the start of their scientific education, whether in laboratories, in examinations or at the ends of chapters in science texts. To these shared examples should, however, be added at least some of the technical problem- solutions found in the periodical literature that scientists encounter duringtheir post-educational research careers and that also show them by example how their job is to be done. " (Kuhn, 1970a, p. 187) 
Problems encountered by students in laboratories and 4b 
textbooks are usually regarded as ways of providing practice 
in the application of what the student already knows - the 
scientific knowledge embodied in the theories and rules. 
Kuhn argues, however, that the cognitive content of science 
is centrally placed not directly in the theories and rules 
but rather in the shared examples provided by the problems. 
By doing exemplary problems, the student's perception is 
moulded to a common way of seeing which is specific for a 
particular community: 
"After he (student) has completed a certain number (of exen, plary problems), uhich may vary widely from one individual to the next, he views the situations that confront him as a scientist in the same gestalt as other members of his specialists' group. For him thg are no longer the same situations he had encountered Pn his training began. He has meanwhile assimilated a time-tested and group-licensed way of seeing*" 
(Kuhn, 1970a, p. 189) 
2.3.3 Normal Science* This process of modelling the solution 
of new problems on previous ones is one important feature of 
normal science research. It is by learning (tacitly rather 
than through explicit rules) the knowledge embodied in the 
shared examples which are part of the prevalent disciplinary 
matrix that an individual scientist develops a way of seeing 
a group of phenomena which is a communal property of the 
community to which she/he belongs, 
The sharing of a paradigm by members of a community is 
seen by Kuhn as a sign of scientific maturity of the field 
to which that-cbmmunity is attached to. Periods of normal. 
science are characterised by a strict adherence to a paradigm. 
A sense of confidence in the powers of existing knowledge to 
solve problems with which it is confronted pervades the 
community; research problems are faced as "puzzles to be 
solved" inside the framework provided by the existing paradigm. 
Eventual failures in accomplishing the "puzzle-solving" 
activities are regarded as a lack of scientific ingenuity 
rather than theoretical and/or methodological weakness. 
Classical examples of periods of normal science are: astronomy 
during the Middle Ages (Ptolemaic paradigm); mechanics during 
the eighteenth and nineteenth centuries (Newtonian paradigm); 
and quantum mechanics after the 30's (Copenhagen interpretation 
paradigm). It must be noted that the analogy "puzzle-solving" 
is employed by Kuhn to indicate the closed character of normal 
science problems. A puzzle is a problem which has a solution 
that can be found as far as a set of rules is followed. 
The strict and a-critical adherence to a paradigm is 
regarded by Kuhn as a necessary condition for a field to 
progress, since it is only by freeing themselves from the 
task of critically analysing the foundations of the theories 
and methods they utilise, that the members of a scientific 
community can concentrate their efforts on the more esoteric 
research problems faced by the field. Kuhn identifies three 
classes of problems which are typical of normal science 
research, 
(1) "Determination of significant facts": Design, construct- 
ion and deployment of apparatus which would increase the 
accuracy and-stope of facts ihat the paradigm has shown to 
be particularly revealing of the nature of things. (cog* 
stellar position and planetary orbits; wavclcngths; clcctri- 
cal conductivities; composition of chemical substances)* 
(2) "Matching of facts with ": The manipulation of 
theories leading to predictions which can be directly con- 
fronted with experiments and the development of apparatus 
for the verification of theoretical predictions in an 
attempt to bring nature and theory in closer and closer 
agreement. (e. g. special telescopes to demonstrate Copernicus' 
prediction of annual parallax; Atwood's machine to demonstrate 
Newton's second law; the development of theoretical techniques 
for the treatment of mutually interacting bodies during the 
eighteenth and nineteenth centuries. ). 
(3) "Articulation of theories": Experiments directed to the 
determination of physical constants (e. g. Cavendish's deter- 
mination of the gravitational constant; Avogadro's number; 
electronic charge). Experiments aiming at the formulation 
of quantitative laws (e. g. Boyle's law; Coulomb's law). 
Reformulation of theories leading to a physically equivalent 
but logically more coherent and/or acsthetically more satis- 
fying version (e. g. the development of the analytical formula- 
tion of classical mechanics). 
When describing these three classes of normal science 
problems Kuhn particularly stresses the role played by the 
theoretical context of paradigms in the direction assumed by 
empirical research. Commenting on the matching of facts 
with theory he observes that: 
"The existence of the paradigm sets the problem to be solved; often the paradigm theory is implicated directly in the design of apparatus able to solve the problem. Without the Principia for example, mcasuremcnts made with the Atwood ruchinewould mean nothing at all. " 
(Kuhn, 1970a, p. 27) 
And, when discussing the formulation of quantitative laws: 
"Perhaps it is not apparent that a paradigm is prerequisite to the discovery of laws like these. We often hear that they are found by examining measurements undertaken for their own sake and without theoretical commitment. But history offers no support for so excessively Baconian a method. Boyle's experiments were not conceivable (and if conceived would have received another interpretation or none at all) until air was recognised as an elastic fluid to which all concepts of hydrostatics could be applied ... In fact, so general and close is the relation between qualitative paradigm and quantitative law, that, since Galileo, such laws have often been correctly guessed with the aid of a paradigm years before apparatus could be designed for their experimental determination. " 
(Kulm., 1970a, pp 28-29) 
The image of normal science depicted by Kuhn is of an 
extremely conservative activity: research is conducted 
according to a shared disciplinary matrix; students are 
educated towards the acquisition of the views shared by the 
co=unitye 
This conception of normal science generated different 
reactions among scholars. Popper (1970). although accepting 
the existence of activities which fit in Kuhn's description 
of normal science, regards it as bad science and dangerous; 
Lakatos (1970) points out that "theoretical pluralism is 
better than theoretical monism" and that "the sooner 
competition starts, the better for progress". On the other 
hand, Mastcrman (1970) argues that it is "crashing obvious" 4 
that science is as Kuhn says; Brown (1977) accepts the 
concept without problcmsybascd on historical evidence; 
Barnes (1982) regards the characterization of normal science 
as one of the more important contributions of Kuhn's work 
and regards Popper's and Lakatos' critiques as moralist and 
normative attempts of picturing an image of science according 
to their own philosophical views, rather than on historical 
evidence. 
Kuhn himself regards periods of normal science as an 
essential component of the scientific enterprise. He argues 
that during periods of normal science, an essential tension 
between tradition and novelty is developed, and the adherence 
to a paradigm allows a scientific community to concentrate 
its attention to esoteric problems and matters of detail, 
leading to the articulation of the paradigm. As a result the 
accepted theories are probed to a deeper extent and new and 
more sophisticated problems do emerge, constituting the 
"puzzles" to be solved by the community* 
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2.3A Revolutions, Eventually, however, some of these 
problems will appear as extremely resistant to prolonged 
attack by even the ablest members of the community. On those 
occasions (e. g. pre-Copernican astronomy) instead of being 
regarded as puzzles the problems start to be considered as 
anomalies, generating a state of crisis in the field. 
Scientists, in general, young ones or newcomers to the field, 
begin to question the validity of the theories and methods 
. enshrined in the paradigm. The state of crisis will be solved 
by the emergence of a new paradigm (e. g. Copernicus' theory) 
whicý althougý, unable to solve. all the problems faced by the 
old paradigm would offer, at least to the eyes of some 
practitioners, a promise of solution for the most relevant 
of these. 
A new paradigm is usually resisted by part of the influen- 
tial members of the community, but if successful in solving 
a few initial problems, it will attract more and more adherents, 
becoming eventually the dominant one. When this movement is 
accomplished, a new period of normal science starts and it is 
this process of paradigm change that is known in Kuhn's theory 
as a "scientific revolution", The tcrm "scientific revolution" 
is usually associated to those events in which major changes 
in a world view occurred, such as the Copernican, the Einsteinian 
and the Drawinian revolutions. Kuhn, however, sees as legitimate 
to employ the term in connection to minor changes which need 
not be seen as revolutionary outside a single community, 
provided they result in some rcconstruction of group commit- 
ments. In this case Kuhn considers conceptual changes induced 
by "factual" discoveries, which after being noticed as anomalies 
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against the background provided by the dominant paradigmp are 
followed by some reconstruction of this same paradigm (e. g. 
the discovery of X-rays). 
One of Kuhn's main theses is that the -. discontinuities 
which characterize scientific revolutions are smoothened 
in the textbooks and traditional historical accounts of 
scientific developments. If in war, history is written 
from the point of view of the winning party, in science it 
is wrl*ttcn from the perspective of the dominant paradigm. 
The consequence is that past knowledge is either regarded 
as e7fforts towards the prcscnt'paradigm and subsumed by it, 
or as non-scicntific , leading to a linear and continuous 
image of scientific progress* 
2.3. S Science and Rationaliýy. During the transitional 
period the old and new paradigms compete for the preference 
of the members of the scientific community, and rival para- 
digms,, -although overlapping in some respects, will offer 
distinct views of nature and pose different questions as 
legitimate, fundamental and meaningful. Some concepts will 
eventually become unimportant as objects for scientific 
research (e. g. the "ether" after relativity) or acquire a 
different meaning (e. g. the concept of mass in classical and 
relativistic mechanics) and some of the similarity relations 
which characterized a period of normal science will change 
(e. g. the sun and the moon were placed in the same category 
of planets before, but not after, Copernicus), 
Furthermore, rival paradigms provide different conceptual 
spectacles through which the world is seen and it is to 
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represent this idea that Kuhn uses the expression "incommensura- 
bility of paradigms", Defenders of rival paradigms will, to 
some extent, be talking at cross-purposes, allowing for only 
partial communication between them, and therefore one paradigm 
cannot be logically (in the sense that a neutral algorithm 
can be applied) proved to be supcrior to another, at least 
during the transitional period. Rather than based on logical 
proof, decisions involving theory choice will depend on 
pcrsuasi*vc discussions among members of the community. 
The way in which Kuhn described the emergence of now 
paradigmatic. theories in. "The Structure" led some critics 
like Scheffler (1967)9 Popper (1970) and Lakatos (1970) to 
attack Kuhn on the grounds that he pictured scientific change 
as an irrational process. In answering to these criticisms 
(Kuhn, 1970a; Kuhn, 1970b; Kuhn, 1977a), he apparently moved 
towards a less controversial position (Suppc, 1977; Newton- 
Smith, 1981). 
It is Kuhn's point of view that members of a scientific 
community share a set of values which arc applied in scientific 
arguments. Some of those values refer to qualities of a 
good theory such as experimental accuracy, consistency, 
broadness of scope, simplicity and fruitfulness, and they 
play a major part in the comparison of rival theories. 
Nevertheless, by their own nature, these values allow for 
variations in the way that individual scientists would apply 
them to specific situations and a degree of value judgement 
is always present in the process of scientific change, a 
point that even some of Kuhn's critics agree with (Newton- 
Smith, 1981), 
Commenting on Kuhn's critics on the issue of rationality, 
Brown (1977) remarks that they seem to equate rationality 
with algorithm application, which is just the situation in 
which human reasoning powers arc less needed; it is mainly 
when decisions involving value judgements in situations in 
which an algorithm cannot be applied, continues Brown, that 
human reasoning has a part to play. 
This sort of argument justifies Kuhn's point of view 
that scientific debates can be carried on rational grounds. 
In his later work Kuhn seems to regard the incommensurability 
of jaradigms . as less problematic than he initially stated* 
To start with: 
"The stimli that inpinge upon them are the sam. So is their general neural apparatus, hourever differently programmed. Furthermore, except in a small, if all-* rtant, area of impo experience even their neural programn. mig must be very nearly the same, for they share a history, except the imediate past. As a result, both their everyday and most of their scientific world and language are shared. Given that much in cormmn, they should be able to find out a great deal about how they differ. " 
(Kuhn, 19 70a, p. 201) 
What is suggested then, is that scientists participating 
in a communication breakdown which characterizes inter- 
paradigmatic debates should treat each other as members of 
different language groups and act as translators. In this 
way, after an analysis of each group's discourse, they can 
resort to their shared vocabularies in order to elucidate 
the terms and locutions that are responsible for the inter- 
paradigmatic divide, and this translation process is some- 
how equivalent to "wearing the other one's shoes", or as 
Kuhn describes it, trying: 
"... to discover what the other would see when presented with a stimulus to which his own verbal response will be different. If they can sufficiently refrain from explaining anomalous behaviour as a consequence of mere error or m-ldness they may in time become very good predictors of each other's behaviour, Each will have learned to translate the other's theory and its consequences into his own language and simul- tancously to describe in his language the world to which that theory applies. " 
(Kuhn, 1970a, p. 202) 
The translation process proposed by Kuhn can certainly 
help to rationalize inter-paradigmatic argumentation and is 
almost essential when the conversion of research workers 
strongly attached to a research paradigm is at stake. But 
it also certaiqly does not assure conversion. Scientists 
can agree on the sources of their disagreements and still 
stick to their theories, since the values they share can be 
applied differently. For instance, accuracy can have different 
relative weights, when compared to scope or simplicity, for 
different scientists. The classical example of scientific 
revolutions in which that sort of values played an over- 
important role is the so-called Copernican Revolution (Kuhn, 
1977b)o 
The degree of arbitrariness that is intrinsic to debates 
involving value judgements, even when conducted according to 
high standards of rational argumentation, is regarded by Kuhn 
as an important element of scientific practice. It makes sure 
that, at least for a while, the community will be divided, 
with the result that the old para. digm which can, maybe suffer 
further articulations, will not be immediately replaced by an 
emergent one; but at the same time it also guarantees that 
the new paradigm will have a chance of proving itself more 
successful, 
2.4 SummarX 
In this chapter I presented two contrasting views on 
the nature of scientific knowledge, Initially, I introduced 
the empiricist tradition which has its origins in Baconian 
inductivisn. and Humean epistemology. Although versions of 
classical empiricism are still today prevalent among educated 
laymen and in school science, this tradition generated in the 
twentieth century a sophisticated philosophy of science: 
logical-positýv#sv-c 
01 pointe. d -out that the logical-positliui,; 
ý analysis of 
science concentrated on logical problems regarding the 
structure of scientific theories and the relation between 
theory and observation. I also pointed out that logical- 
positivism failed to give satisfactory answers to its 
problems, and discussed two critical issues in particular: 
the problem of induction, and the theory-ladcness of obser- 
vations. This generated an alternative approach to philosophy 
of science, based on the historical an: ýlysis of. the scientific 
enterprise, rather than on the logical analysis of scientific 
theories. 
Of the representatives of the new approach(I'llelt- 
anschauungeA'analyses), I singled out the work of Kuhn for 
more detailed consideration, particularly his notions of 
paradigms, normal science and revolutionse 
CHAPTER THREE 
CHILDREN'S SCIENCE 
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3. CHILDREN'S SCIENCE 
3.1 Introduction 
In this chapter I intend to clarify and characterize 
the notion of "children's science" that was introduced in 6 
Chapter 1, as part of the conceptual framework suggested 
in order to represent the transformationsof knowledge in 
science education. On that occasion "children's science" 
was used to exprcýs the views of the world - in the form 
of beliefs, expectations and meanings for words - held by 
pupils entering an instructional situation, and that differ 
00 from the accepted (scientific or curricular) explanation. 
In the presentation I will concentrate on some general 
features of "children's science" rather than on matters of 
detail, as for example, what particular beliefs children 
have in relation to a specific physical concept. Later in 
the thesis I will have the chance to focus on some particular 
conceptions. -I will not, at this stage, refer to problems 
related to the issue of changing these conceptions in an 
instructional context, postponing the discussion for the 
final part of the thesis, 
The presentation of general features of "children's 
science" is preceded by a brief discussion in which the 
meaning of the expression in relation to two aspects is 
considered. Initially I situate ! 'children's science" in 
relation to the "physical knowledge" -"logical mathematical 
knowledge" dicotomy, which underlies research developed 
according to a Piagetian framework, In the second place I 
attempt to justify the use of the expression "children's 
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science", in spite of the existence of a more established 
one in the literature* 
3.2 Physical KnowledRe and Lozical Mathcmatical Knowlcd 
As I pointed out in Chapter 1, the fact that pupils 
bring to science lessons some already developed conceptions 
about the nature of the physical world has been, only in 
recent years, acknowledged as a relevant issue by research 
workers in science education. Reviews of studies about 
concept learning in science, published before the early 
70's",, r*eflecf the dominance of *normative approaches, in 
which the assessment of the student's knowledge was based 
on criteria stating the accepted correct conceptions (Driver 
and Easley, 1978). In such studies little, if any, attention 
was paid to the pupils own understanding, that is, "children's 
science". 
With the recognition that the narrow behaviourist input- 
output approach was insufficient to disclose the subtleties 
of the learning process, a revival of studies concerned with 
human thinking took place, and the most influential line 
of inquiry in that direction was based on the work of 
J. Piaget. Studies carried out in the early and mid-seventies, 
and which were concerned with pupils' thinking, used, with 
few exceptions, Piaget's perspective on intellectual develop- 
ment (Erickson, 1979); Driver (19 81) points out that the 
Piagetian perspective was used as a basis and rationale for 
the development of several science programmes throughout the 
world; Gilbert and Swift (1981) suggest that a review of 
literature on science education is likely to lead the reader 
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to conclude that the ideas of J. Piaget dominate the field, 
constituting a received view for most teacher educators 
and their students. The influence of Piagctian based stagcs 
is also mcntioncd in ASE (1979)o 
Although the investigations conducted by Piaget and 
collaborators provide rich and useful insights into children's 
intuitive ideas about the physical world, in the course of 
his career his interests shifted more and more towards the 
assumed logical mathematical structures of knowledge and to 
the age related stages of intellectual development based on 
the *acquisitioA of these'stru'ctures. In general Piagetian 
based research and development in science education tended 
to be concerned more with this latter aspect of Piagct's 
work, 
The distinction between the two aspects of knowledge 
mentioned above can be illustrated by Piaget's example 
of a child. playing with a number of pebbles (Piaget, 1970)- 
The experience allows the child to discover more about the 
properties of the pebbles as physical objects, such as their 
weight and texture ("physical knowledge") and at the same 
timd the child may also discover that, when the pebbles are 
laid in a row the same total is arrived at when they are 
counted from left to right or from right to left ("logical- 
mathematical knowledge"). According to Piaget, logical- 
mathematical operations are internalized systems of actions, 
and although this kind of knowledge can be distinguished 
from "physical knowledge'!, these are interdependent develop- 
ments. The advance in understanding reality presupposes 
a system of inter-coordinated actions, and conversely, in 
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order for these operational systems to develop, the child 
must have expcricncc of physical reality* 
In recent years criticisms have been presented against 
the emphasis placed by the Piagetians on the contcxt-free 
logical. mathematical aspects of knowledge and stages (Novak, 
1978; Brown and Desforges, 1979), But, even accepting the 
view that the absence of certain logical mathematical 
structures may place constraints upon the ability of children 
to develop more sophisticated arguments or to understand 
more abstract and formalized concepts, it can still be argued 
that* physicdl"conccptual knowledge is basic to our intellect- 
ual repertoire used in communication, being the principal 
subject of both classroom and scientific discourse (Erickson, 
1979). Accepting this last point implies accepting that 
this form of knowledge deserves its own place as a topic in 
science education research, and the recent wave of research 
concerned with alternative frameworks can be seen as an 
attempt to redress the balance. 
In this thesis, wherever using the expression "children's 
science", I will be meaning the notion of "physical knowledge" 
rather than "logical-mathematical knowledge". 
3.3 Misconceptýions, Alternative Frameworks, ___Children's Science 
I have already referred in qhapter 1 to the tendency 
of attaching a positive value to the'alternative conceptions 
held by pupils, which characterizes a large part of research 
work in science education nowadays, This tendency can be 
linked both to the acceptance of a more constructivist view 
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of the nature of human knowledge, and to the change of 
perspective in the philosophy of science from an empiricist 
vicw to a Weltanschauung one: children, as scientists, are 
supposed to interact with reality through the mediation and 
guidance of conceptual frameworks (paradigms in the case of 
scientists)* 
The tendency mentioned above is symbolized, at a 
semantic level, by the steady replacement of words commonly 
used in science education such as "misconception" (e. g. 
Doi7an, 1972, Zalrour, 197S; Lifike and Venz, 1979; Ifelm, 1980) 
for others witý less low-graded* implicit value. The implicit 
low graded value, that was attached to the word misconception, 
can be exemplified by a quote from Za"rou'r, 1975: 
"It requires very good teaching to make students detach themselves completely from erroneous beliefs that appear to be backed by common sense such as 'The sun revolves around the earth' or tHeavy bodies fall faster than light ones'. If misconceptions are related to irrational thinking or to a mis- interpretation of the cause effect relationship as explained by Hancok (1940), then proper teaching learning situations aimed at the development of. rational thinking and at fighting these shortcomings should help in reducing misconceptions-" 
In quoting the above passage I would not like to imply 
that everybody who employed expressions such as misconcept- 
ion or misunderstanding, went so far as Zalrour in associating 
conceptions which do not match the accepted scientific or 
curricular explanations with irrational thinking. In quoting 
the passage I wanted to illustrate the extreme negative sense 
that the notion of misconception could acquire. By suggesting 
the expression "alternative frameworks"r Driver and Easley 
(1978) had in mind to encourage the opposite alternative 
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9 view which considers pupils' conceptions as being their 
interpretations of the world, and therefore valuable as far 
as the individual is considered. Although the expression 
is becoming widespread, its use has been criticized for 
conveying a sense of conceptual rigidity (Sutton, 1982b). 
The introduction of the expression "children's science" 
(Osborne, 1980) can be regarded as a step further in the 
direction of enhancing the status of pupils' ideas. It is 
to be regarded as a metaphor, which reflects the basic 
assumption that childxen attempt to make sense of the world 
through'their-clurrent knowledge and experiences. To that 
extent-the Kellyan metaphort "man-the-scientist", can be 
properly applied to them, and in this thesis I will use the 
expression "children's science" to encompass the more 
established expression "alternative A cramework" in the 
context of school science education. In brief, the adoption 
of the expression symbolizes a commitment towards a con- 
structivist view of human knowledge* 
3.4 Features of Children's Science 
Most of the work in the field of students' alternative 
-conceptions have been directed towards the identification 
of forms of prior knowledge with reference to particular 
science concepts* Different investigation methods have 
been used, as for instance clinical interviews (Erickson, 
1979), interview-about-instances (Osborne and Gilbert, 1980) 
and paper-and-pencil tests (Watts and Zylbersztajn, 1981). 
Although none of them are free of problems as research tools 
(Sutton, 198lay., they are certainly increasing our 
inventory of children's ideas. On the other hand very few 
attempts have been made towards the systematization of 
general features of "children's science",, The rest of 
this chapter is devoted to the presentation of some of 
the general features which were identified in a review 
of literature* 
3.4.1 Spread Over a Large Number of Phenomena. Instances 
of "children's science" have been identified in the major 
scientific disciplines, but certainly the most investigated 
one has been pbysics. In physics the most explored area 
has been mechanics, whose attractiveness is probably due 
to the fact that besides being a central topic in school 
science, children are confronted very early with mechanical 
phenomena, and therefore tend to develop very defined sets 
of beliefs and expectations concerning these phenomena. 
But, apart from the predominance of studies related to this 
area, the. investigations in physics cover the majority of 
central topics in the subject, as the following selection 
indicates: 
a) Mechanics: Driver, 1973; Leboutet-Barrell, 1976; Viennot, 1979; Gunstone and White, 1980; Watts, 1981; Saltiel and Malgrange, 1980; Watts and Zylbersztajn, 1981; Gilbert, Watts and Osborneq 1982; Minstrell, 1982; Watts, 1982. 
b) Heat: Albert, 1978; Tiberghien and Delacote, 1978; Andersson, 1979; Erickson, 1979; Tibergýien, 1979; Erickson, 1980. 
c) Electricity: Osborne -and -Gilbert, 1979; RhUneck, 1981' 
d) Light: Guesne, 1978; Stead and Osborne, 1979; Jung, 1981* 
e) Other Nussbaum and Novak, 1976; Novick -and Nussbaum, 1978. topics: 
Apart from the investigation of children's ideas about 
specific science concepts there has been research, on a 
very much reduced scale though, concerned with children's 
ideas about more general issues such as the notion of 
physical laws and conceptions of science and scientific lb 
method. Rodrigues (1980) concluded that the quality of 
the explanationsgivcn by her subjects to the questions 
designed to investigate their awareness of regularities 
in physical phenomena, approaches the adult-lcvcl expla- 
nations at around 12-years-old, and that even children at 
a lower level of explanation can use some statements 
consistently as a law. Swift (1981) interviewed a sample of 
primary school children to post-graduate students about their 0 
views on science and scientific method. lie reports that the 
interviewees (particularly those under the age of 16). were not 
always able to provide a description of scientific method. 
Those who were able to, most usually gave an essentially 
Baconian account* 
3.4.2 Patterns of Children Understanding. One of the unique 
attempts of identifying some general patterns of understanding 
is presented by Gilbert, Watts and Osborne, 1982. Being 
very cautious about the comprehensiveness of these patternsv 
their distribution among a population or the commitment of 
any student to only one pattern, the authors suggest the 
possibility of five patterns of understanding in "children's 
science": 
a) The use of everyday language: A word is made sense by placing an everyday interpretation on it. 
b) A self-centred and human centred viewpoint: Words and situations are-considered in terms of human experýence and values. 
c) A belief that non-observables do not exist: A physical quantity is not believed to be present in a given situation unless the quantity itself or its effects can be observed* 
d) The endowment of objects with the characteristics of humans or animals: Objects are endowed with feeling, will or purpose. 
e) The endowment of an object with an amount of a physicnl quantity: An object is endowed with a physical quantity which is given an unwarrented physical rcaiitys 
Although these patterns were identified in a study 
concerned with the concept of force, the possibility exists .0 that they are more general features, a point that should 
deserve further investigation by research workers in the 
field* 
In a different paper Osborne, Bell and Gilbert (1983) 
discuss general characteristics of "children's science" in 
the process of articulating similarities and differences 
between llchildiýcnls science" and "scientists' science". 
In the positive side of the analogy they agree that children, 
like scientists, use similarities and-differcnccs to organise 
facts and phenomena, search for elements, and relationships 
among clementss to build structures of relationships. In 
additiong they continue, children, like scientists, gather 
facts and build models to explain known facts and make 
predictions* 
On the negative side of the analogy they state three 
ways in which "children's science" differs from "scientists' 
science": 
1) Young children seem to have difficulty with the kinds of abstract reasoning that scientists are capable of* They tend to view things from a self-centred or human- centred point of view, and they consider only those entities and constructs that follow directly from everyday experience. 
f 2) Children are interested in particular explanations for specific events. Unlike scientists they arc not con- cerned with the need to have coherent and non-contra- dictory explanations for a variety of phenomena. With their limited cxperience, nnd concern for a specific explanation only, children can latch to any one of a number of possible explanations which arc reasonable from their more restricted outlook, 
The everyday language of our society often leads children to have a view different to the scientists's view. Such views may not change as the child grows 0 older, or they may even become with time, increasingly different from "scientists' science". 
one has of course to be cautious nbout these general- 
izations. Some of them are also referred to by other 
authors. Hewson (1980) stresses the scientist-like charac- 
teristics of students, pupils and even younger children 
when referring to their search for structure and order in 
the world. Donaldson (1978) points out that even young 
children strive to make "human sense" of situations in 
which they are placed. 
3.4.3 The Persistence of Children's Science. A feature 
of "children's science" noted by several authors is the 
fact that these alternative conceptual systems arc remarkably 
resistent to change by exposure to traditional instructional 
methods (Driver and Easley, 1978). This feature has been 
specially noticed in mechanics, where prc-Galilcan conceptions 
about force and movement seem to be present even in science 
and engineering university students (see Chapter 10 for a 
more extended discussion)* 
Although more evident in mechanics. the persistence of 
"children's science", in spite of formal instruction, has 
been observed in other areas. Stead and Osborne (1979) 
state that Australian Form 3 students who had received 
formal teaching on light presented concepts of light trans- 
mission similar to Form 2 ones, who had not been taught in 
the topic. Osborne and Gilbert (1979) noticed that, although 
some 17 and 18 year-old physics students demonstrated an 
understanding of the concept of electric current similar to 
that of the trained physicist in terms of the discussed 
instances, others showed an understandin& of the concept 
very similar to those displayed by 7 to 13 year-old children 
who had received no formal teaching about the subject. It 
seems, for example, that intuitive ideas about what happens 
when electric current goes into a lamp (it simply disappears 
according to many intcrviewees) have not changed since 
childhood for a number of sixth-form students, including 
some Upper Sixth. On the other hand it was observed that 
often, more formal statementsl indicating, at a superficial 
glance, an explanation close to the Physics type, covered 
misconceptions like, "the voltage is the sort of speed of 
the electrons"; "there is an equation the voltage ees 
the speed it moves along the wires V= IRII; "light is 
electromagnetic waves and electric current is a flow of 
electrons, therefore light must be a flow of electrons". 
Closely associated with the persistence of "children's 
science" is the view that the alternative conceptual systems 
are not facilitative to the learning process, 1n different 
science areas students interpret instructional events in 
the context of the conceptuail scheme they hold, and not the 
one that the events are designed to convey, Again an analogy 
can be traced between "scientists, science" and 11childrenIs 
science": both in the former and the latter observations 
and interpretations are theory-laden. These theories are 
part of paradigms in one case, and part of alternntivc 
conccptitms in the other. In every cnsc the mcnning which 
is given to a situation is influenced by the conceptions 
held either by scientists or pupils. 
3.4.4 Children's Science and Past Ideas. One of the central 
theses of Piaget's genetic epistemology is of a parallelism 
between the progress made in the logical and rational 
organization of knowledge and the corresponding formative psycho- 
logical processes (Piaget, 1970). lie claims that there is 
a weak - resonance between children's ideas and ideas from 
the history of science, in the sense that the former recapijlatcs 
the latter (Ginsburg. and OppeT, 1969,1 Driver and Easley, 1978). 
Although research workers in the identification of 
alternative frameworks will tend, in general, to be cautious 
about strong generalizations of that view, there havc. bccn 
instances in which the parallelism has been noticeable. One 
area. in which this is clear is dynamics, where alternative 
frameworks displayed by children and adults are very close 
to Aristotelian or medieval (impetus theory) conceptions of 
the relation between force and movement (Driver, 1973; 
Viennot, 1979; Watts and Zylbersztajn, 1981; Clement, 1982). 
Investigating children's conceptions about heat and 
temperatures Erickson (1979) points out that some of 
children's interpretations on: experiments involving heat 
conduction were virtually identical to the caloric theory 
of heat prevalent in the late 18th and early 19th centuries. 
He remarks, however, that many othcr ideas advanced by 
children could not be accommodated by a qaloric theorye 
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Piaget. (1929) mentions that for most children vision 
is conceived as passing from the eye to the object; a 
similar conception, which resembles ancient Greek theories 
of vision, is also reported by qýcsric (1978) who inter- 
viewed a sample of 20 French school children (age 13-14 
years). 
3.5 Summary 
In this chapter I have attempted to clarify the 
meaning I am giving to the cipression "children's science', 
in this thesis. Although, in principle, the expression 
could be used to encompass both physical knowledge and 
logical mathematical knowledge (in a Piagetian sense), I 
will be concerned mainly with physical knowledge, or to 
use a more established term, children's alternative frame- 
works. The expression "children's sclicnce'll I would arguel 
has some advantages over alternative frameworks. 
First of all its meaning can be extended to encompass 
more than children's views about specific physica: l phenomena, 
to include more general notions such as notion of physical 
laws, causality and conceptions about science and scientific 
method. 
Second, the expression does not convey the idea of 
rigidity that the word framework-ooes. Since the form of 
organization of cognitive context is still an open issue in 
psychology, a more open and less committed expression seems 
preferable* 
Third, the expresiion "children's science" stresses the 
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01 Kellyan metaphor "man-the-scientist" in the school contextg 
what is compatible with the current constructivist trend in 
science education research. its use symbolizes tile assumption 
of qcicntists-like characteristics of children, such as the 
search for scnsc, structure and order; the strivc for pre- 
dictions and control; the influence of existing conceptions 
in the meaning and interpretations of phenomena* 
1 also discussed some features of. "children's science" 
such as: 
a) The spread over a large number of phenomena 
b) Thd existence of general patterns 
c) The persistence in relation to traditional teaching 
d) The relation with past scientific ideas 
The review of the literature showed that a) and c) 
are relatively well accepted features, and b) a possibility 
needing further exploration. In relation to d) the most 
that can be said is that in some cases "children's science" 
recapitulates past "scientists' science". 
CHAPTER FOUR 
CURRICULAR SCIENCE 
4. CURRICULAR SCIENCE 
4.1 Introduction 
In Chapter 1, the expression "curricular science" was 
introduced in order to mean particular versions of 
scientific knowledge enshrined in curricular materialsl such 
as those produced by curriculum development groups (c-g, 
the Nuffield schemes) and textbook writers. This constitutes 
a restricted conceptualization of the notion of curriculum, 
which in its broadest sense encompasses all the planned and 
organized experiences pupils encounter in a school (not 
considering the unplanned hidden curriculum)o 
When considering "curricular science" in the conceptual 
framework used in this thesis, I will be having in mind 
mainly the notion of curricular materials, which arc, anyway, 
the most tangible component of a wider conception of curri- 
culum. It is also the most common way in which the expression 
has been used in the context of science education* 
In describing some general features of "curricular science". 
in this chapter,, I will adopt,. for the sake of presentation, 
the! usual --distinction between the "traditional curriculum" and 
the developments which arose from the so-called "curricular 
reform movement". The latter was started in the mid 50's and 
blossomed in the 60's in the U. S. A., exerting a strong in- 
fluence on its British counterpart. 
4.2 The Traditional Curriculum 
In a review, primarily concerned with the American 
context, school science, before the curriculum reform 
movement, is characterized as taught in a prescribed and 
authoritative manner (Sabar, 1979). The main sources of 
teaching were single author textbooks and the curriculum 
was based, largely, on a consensus developed by specialists. 
organizing concepts and generalizations were included 
because they were seen to be true knowledge. Sabar links 
that approach with the social ideology of the American 
society during the late 30's and 401s, according to which 
individuals were expected to grow by conforming their aspi- 
rations to those of the social groups they belonged too 
The school, -based on discipline and conformity, was designed, 
therefore, to "help" young people to become adjusted to the 
demands of an industrial society, 
In the British scene (ASE, 1979; Tomicy, 1980) science 
curricula in the 50's reflected mainly the attitudes and 
values of the public and grammar schools and their close and 
exclusive links with the universities. Science education 
was subject focussed and content oriented, being essentially 
conceptualized in terms of 0 and A-Level courses in biology, 
chemistry and physics: 
"In the grammar schools, the main concerns of both students and teachers were related to the processes ufiereby the young could be socialized into the thought and behaviour patterns of the, 'elders', a highly professional aCtivityL governed by a tightly hierarchial relationship between the pupil, the teacher and the university administrator **** The former tradition placed a high premium on academic scholarship, involving a deep and systematic concern for the content of science; a concern with the latest develop- 
ment in the subject; and a search for the ways whereby new knowledge could be incorporated into teaching schemes. " 
(ASE, 1979, p. 13) 
Parallel to this trend the modern secondary schools 
that resulted from the 1944 Education Act, as an answer for 
the growth in demand for a technically educated workforce, 
started by the mid SO's to establish their own approach to 
science teaching (ASE, 1979). Teacher training colleges 
which usually provided the teachers for the modern secondary 
schools were sufficiently isolated from the academic tradition 
of the universities in order to develop their own solution 
to the social and educational problems of the schools they 
served. That solution reflected an overt concern with the 
child as the central forces for educational planning, a pre- 
occupation with the science of everyday things and everyday 
life and an active concern with the existing theories of 
child psychology and learning. The modern secondary tradition 
was, however, short-lived, lacking status, support and clear 
articulation. Within a few years, pressure from parents and 
teachers led most of these schools to adopt watered-down 
versions of the grammar school courses. 
The assumptions underlying the traditional curriculum 
are still strongly present in cx&Mj'%ý science education. 
In terms of "curricular science" they are represented by 
textbooks showing a strong content-examination orientation 
(e. g. Abbot, 1978; Nelkon, 1978). These materials, although 
apparently neutral in terms of teaching-learning nethodologies, 
can be regarded a. s, being at the same time, one of the products 
of, and one of the instruments by means of which a "Trans- 
mission" view of knowledge reproduces itself. According to 
this view (Pope and Keen, 1981) pupils are seen as pnssive 
receivers of information rather than active pnrticipnnts 
in the construction of their knowledge* 
They also tend to project a superseded empiricist view 
of scientific knowledge, which, as pointed out by Cawthron 
and Rowell (1978) dominates school science. For instance 
Abbot (1978) states: 
"The nature of physical knowledge In physics, certain properti'e-FrFf matter are measured and the results examined to see if there is any mathematical relationship between them. It is important to grasp the true meaning of the equations we find in a physics book. They do not tell us what things are in themselves, but are simply a convenient unay of expressing the laws governing this behaviour. This is the main purpose of science, to seek out the laws of the universe and, if possible, to express them in precise mathematical form.,, 
(Abbot, Ordinary Level Physics, p. 3) 
And in Nelkon (1978) we found that: 
"Scientific Method In ancient fUýspeople believed something simply because a famous person said it. A good example occurred in the case of falling objects. A famous Greek philosopher called Aristotle said that heavy objects always fell to the ground faster than light objects. This was believed for nearly 2000 years. In the 17th century, however, someone perfomed a single experiment. He dropped a heavv and a light object from the top of a tall building* (Legend says that the building was the Leaning Tower of Pisa in Italy, uMch still exists). He observed that,, contrary to what Aristotle thought, the heavy and the light object both reached the ground at the same time. Aristotle's theory was therefore wrong. " 
(Nelkon, CSE P4ysics, p. 3) 
In the last quotation a single experiment is seen as 
responsible for the overthrow of a longheld theory. Although 
Galileo never did this experiment (Cooper, 1935), the myth 
serves the function of presenting an image of Galileo as an 
empiricist. That image, which is pervasive in "curricular 
science" (see Section 10.4.3 for another example) has been 
discredited by philosophy and history of science (Section 
10.2.3). 
4.3 The Curriculum Reform Movemcnt 
4.3.1 U. S. A. The roots of the curriculum reform movement, 
in the U. S. A., can be traced back to the post-war dissatis- 
faction with the quality of schools and their approaches to 
learning. According to Sabar (1979) this uneasiness was com- 
pounded by the pressure and involvement of the scientific 
community, concerned with the increasing gap between the 
advances made in "real science" and the stagnation of school 
science; by the developments in the behavioural sciences; and 
by the then new concern with curricular theory as expressed 
by the work of R. Tyler and 11. Tabas 
The movement gained momentum(though it wIs nRt caused by) 
with the pioneer launching of the Soviet "Sputnik". The. 
feeling that the U. S. A. had been overtaken by the U. S. S. R. in 
the spacial race, was capatalized by the interested groups, 
based in prestigious university departments, which, on the 
occasion, were granted substantial injections of funds* 
Examples of direct result of the movement are curricular 
projects like the PSSC (Physical S cience Study Committee), 
CBA (Chemical Bond Approach), BSCS (Biological Sciences 
Curricular Studies) for the high school and SCIS (Science 
Curriculum Improvement Study) and SAPA (Science A Process 
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Approach) for the elementary school. Late offsprings of 
the movement include Harvard Project Physics and IPS (Intro- 
ductory Physical Science), 
In general, these projects were nationally founded 
and the curricular development teams were carefully selected 
among university or college lecturers, based on a university 
department and headed by an eminent scientist. They constitute 
examples of a "centre-to-pariphery" model: the central team 
is at the hub of a wheel, with communication going via spokes 
to the schools located on the rim (Yeoman, 1980). Although 
differing in form and origins, the new curricula showed some 
common points (Sabar, 1979): 
a) They were centered on the subject matter, with an 
integrated science approach at the elementary level and a 
separate di5cipline approach at the secondary level* 
b) The materials were tested and evaluated. 
c) Teachers received special preparation for implementing 
the programmese 
d) Strong emphasis was placed on the active involvement 
of children in handling materials and apparatus, in a "dis- 
covery learning! lapproach. 
e) A variety of media was used (printed materials, 
laboratory kits, audiovisuals, games). 
Although a lot of resources and effort had been concen- 
trated on the dissemination of these projects, their use in 
schools did not reach the intended level. One reason for this 
was that the majority of them were directed towards the 
more academically oriented pupils* On the other hand it is 
recognized that they exerted an influence on the materials 
affected by traditional commercial publishers (McConnell, 
1982)0 
A basic feature of the programmes developed during the 
curriculum reform movement in the U. S. A. was their emphasis 
on the "pure structure of the discipline", with very little 
attention being paid towards technological applications and 
the related personal and societal problems (Ilufstedler and 
Langenberg, 1980). This aspect has come under heavy n. 
criticism. in recent years and some studies seem to suggest 
that, during the 801s, the American tendency will be in the 
direction of developing science curricula for secondary 
schools emphasizing the interactions among science, technology 
and society (Gaskell, 1982; McConnell, 1982). 
4.3.2 Britain. The science curricula developments that 
took place in Britain in the past 20 years were influenced 
by a variety of sources, among them being the ASE policy 
documents of 19S7 and 1961, the American developments men- 
tioned above, and the establishment of the Nuffield Founda- 
tion and Schools Council as funding agencies (ASE, 1979), 
In spite of relying more on the participation of school 
teachers in their elaboration stage than their American 
counterparts, the British projects did not differ radically 
from them (Tomley, 1980). The major Nuffield projects, 
for instance, were dis cipl ine- centered curriculum develop- 
ments, showing a belief in the subject matter disciplines 
and reflecting the values of the time and the power of the 
subject associations, professional institutes and university 
departments. One result of this set of values was that the 
materials were initially aimed at the O-Lcvcl pupils (20 to 
30% of the school population) rather then the reforming 
secondary school science as a whole, 
The already quoted ASE (1979) consultative document 
presents a general analysis of the science curricula develop- 
ments of the 60's in Britain, concluding that the new pro- 
grammes, in their different ways, espoused some aspects of 
the earlier tradition. The main aspects mentioned in the 
document are discussed below, 
a) Nature of knowledge. The curriculum reform of the 60's 
adopted the existing assumption which considers school 
science to be a fixed body of knowledge, related to and 
derived from "real science", which young people used to 
acquire in order to understand the world, and which they 
must. master in order to become a scientist. This view 
-can be linked. to writings of Hirst, who stressed the object- 
ive and publicly recognizable aspects of knowledge and its 
separate disciplinary character (Hirst, 196S). 
b) Content. Content is largely prescribed and the higher the 
age group and the more academic the pupil, the more prescribed 
is the content for most of British schemes. Changes in content, 
when happened, reduced the content related to technological 
applications and social aspects of science. It also high- 
lighted the boundaries between the individual sciences and 
between the sciences and other forms of knowledge, resulting 
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in that secondary scicncc, at least in the upper levels, has 
become more isolated from the totality of the school curricu- 
lum. It showed a strong classification of knowledge, in 
Berns tein's (1975) terminology. Few notable exceptions to 
the pattern described above are mentioned ("Nuffield Junior 
Science", SCISP and "Nuffield Working With Science"). 
Commenting specifically on the Nuffield Physics curricula, 
Baker (1973) observes that the O-Levcl project aimed at making 
physics more accurate, up-to-date and more alike the activity 
of physicists; on the other hand. it removed some of the 
"useful physics", with the teachers' guides showing little 
concern with issues like scientists, social responsibility. 
With regard to the A-Level material, it is suggested that, 
although including more references to the outside world, both 
in readings and problems, the general atmosphere does not 
seem radi, co-Q91 different. 
It is relevant to notice that, even enthusiasts of 
the Nuffield schemes agree with some of the points made above. 
Lewis (1973) points out that Nuffield O-Level did little 
to show the social iMDlications of physics. Ogborn (1978), 
an influential member of the team of curriculum planners 
for A-Level Nuffield Physics, admits that "we did it too 
little rather than too much" to give an engineering flavour 
to the course, and that "appreciating the wider significance 
of science proved to be easier to write down than to achieve, 
a failing perhaps connected to the minor importance we gave to 
the historical perspectives". 
Apart from the already mentioned SCISP, attempts to intro- 
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duce science, technology and society issues in school science, 
have been directed to the sixth-form and present to be part 
of general studies, rather than integrated with the scientific 
disciplines (Solomon, 1980; Lewis, 1981). 
c) Teaching-Learning Strate o The major Nuffield projects 
embraced pupil practical work and guided heurism, linked to 
a partial acceptance of Piagetian notions of stages, as guide- 
lines for classroom work (ASE, 1979). Both Nuffield and 
Schools Council developments are cr. ALaljackin the document 
for not acknowledging the psychology of individual differences 
and for not considering alternative strategies based on 
psychological models which take into account the personal 
interpretations of meanings, and the role of language in 
mediating the individual's growing understandings of the 
world. 
When the function of practical and experimental acitivities 
is considered, it is observed that although some schemes (e. g. 
Nuffield A-Level Biology and Physics) present genuine experi- 
mental investigations in the form of project work, many of 
the Nuffield courses have spawned contrivances designed to 
produce the "right" answer nearly every time, 
d) Nature of Scientific Knowledge. With regard to the view 
of scientific method assumed by the British projects, the 
analysis presented in the ASE docýiment, classifies some of 
the projects (e. g. SCISP, CESIS, Nuffield Secondary Science) 
as conveying an inductivist view, some (e. g. Nuffield 0 and 
A-Level schemes) as conveying a hypothetical-deductive 
approach, and others (e. g. Scottish Intelf=bGý Science; 
Working With Science) as neither. The general conclusion 
in the ASE (1979) document is that, often, scientific method 
is ill defined, with most projects avoiding cawAAAAý 
ýt. 
&" kt 
pupils to any particular view of methodology, with the con- 
sequent danger of creating the false impression that the 
neat framework, in which the subject is presented, reflects 
the manner in which the knowledge was first obtained. The 
point that the Nuffield schemes did not succeed in articula- 
ting scientific method or seriously raising philosophical 
questions about it is also expressed by Baddelcy (1980)9 
Stevens - (1978) , however, points out that the Nuf f ield schemess 
tend to assume explicitly a superseded empiricist view of the 
nature of scientific knowledge. In these schemes, scientific 
theories are seen as speculative models created in order to 
explain observational data, which arc considered theory-free* 
The theory-ladeness of observations, assumed by modern philo- 
sophers of science (Chapter 2) does not seem to have been 
incorporated in these developments, 
This -9. mpiricist view of scientific knowledge * 
is reflected in the way that practical work 'is introduced to the 
pupils. For instance, in Revised Nuffield Physics, one of 
the curricular materials examined in Part B of this thesis, 
inductive discovery is a common procedure, and notQ-fcw 
sequences start by inviting pupils to perform "free" and 
"open-ended" observations (e. g. "Find out all you can about 
steel springs"). Furthermore, it is explicitly stated to 
them that by following such approaches they are emulating 
scientists at work. 
4.4 Summary 
In this chapter I considered some general features of 
"curricular science". The so-called "traditional curriculum" 
and the "curriculum reform movement" were considered. In 
relation to the former, it was stressed that it was oriented 
towards content, and tended to reinforce a "Transmission" 
view of knowledge. It was noticed that it assumed a super- 
seded empiricist view of scientific knowledge, 
In relation to the materials developed in Britain during 
the 60's. it was stressed that in general they: 
a) were subject centered and showed a strong classifica- 
tion of knowledge* 
b) followed a discovery learning approach, with little 
consideration of the role'of. languacre*in -learning. 
c) tended to assume an empiricist view of scientific 
knowledge, in which theory-neutral observations are privileged* 
CHAPTER FIVE 
TEACHERS' SCIENCE 
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TEACIIERS' SCIENCE 
5.1 Introduction 
When presenting the conceptual framework in Chapter 1, 
the expression "teachers' science" was introduced in order 
to characterize the teachers' viewpoint about science 
conceptions and about the nature of scientific knowledge, 
as displayed in a particular instructional situation* 
It is important to draw attention to the word "particular" 
in the former paragraph, because it reflects the contextual 
nature of "teachers' science". What the expression is 
supposed to mean is not the actual knowledge possessed by 
the teacher, but rather his or hers translation of "curricular 
science" (and "scientists' science") that takes place in a 
specific instructional context. A teacher who accepts and 
is quite conversant with a sophisticated quantum mechanical 
model of the hydrogen atom, for instance, may use a simpli- 
fied version of it when teaching A-Level students, and an 
even simpler planetary model with younger pupils. Sometimes, 
of course, "teachers' science" can represent the teachers' 
actual beliefs* 
The fact that "teachers' science', is related to an 
instructional context implies that studies which can throw 
some light on its nature are those involving the observation 
of real classroom settings,, particularly the ones focussing 
on the intellectual transactions between teachers and pupils. 
In this chapter I review some of these studies, which were 
considered relevant enough to illuminate aspects of 
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"teachers' science". The relatively small number of 
studies reviewed is explained by the fact that most of 
classroom observation studies have concentrated on the 
socio-cmotional climate of the classroom, with emphasis 
on the organizational, -proccdural and disciplinary aspects 
of the classroom processes rather than in the intellectual 
transactions (Hacker, 1980). Furthermore, only a part of 
classroom studies were directly aimed at the investigation 
of science tcachingo 
In terms of methodology, classroom observation 
studies fall roughly either -&Ntothe "coding- scheme" 
tradition, which gained impetus after Flanders (1970) 
pioneering work in the early 60's in the U. S. A., or in 
the "naturalistic" approach involving the analysis of 
audio and/or video recorded lessons. These methodologies 
will be discussed in detail in Chapter 7, and at this stage 
it is sufficient to state that the methodologies do affect 
the nature of the findings. Coding-schemes studies have 
disclosed general teaching styles and naturalistic studies 
have concentrated on more detailed analysis of the 
language of teaching. The first approach is best exempli- 
fied in Britain by the work of Galton and Eggleston dis- 
cussed in Section 5.2. and the second by the work of 
Barms discussed in Section 5.3. 
In general, both traditions tended to assume an 
equivalence between "teachers' science" and "curricular 
science". Recent studies, reviewed in Section 5.4 show 
however, that at least in the case of now curricular 
developments, this assumption cannot be granted, 
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S. 2 Styles of Science TcachLnZ 
Galton and Eggleston (1979) investigated the style 
of 84 science teachers (33 biologists, 21 chemists and 30 
physicists) by observing them when interacting with pupils 
in the pcnultimatc year of O-Levcl. They used an obser- 
vation schedule (STOS - Science Teaching Observation 
Schedule) consisting of 23 categories, specially designed 
for the recording of the intellectual interactions which 
take place during science lessons (Eggleston, Galton and 
Jones, 197S), The schedule was designed, according to 
Its developers, to reflect some of the intentions of the 
Nuffield O-Lcvel Schemes in Biology, Chemistry and Physics, 
such as the importance placed upon the processes of science 
observing, making inferences, formulating hypotheses - 
rather than simply acquiring and remembering information. 
As such the schedule was designed having in mind the 
cognitive aspects of science teaching, taking no account 
of managerial and 0-ffective interactions* 
The observation schedule is divided in two sets Of 
categories. The first accounts for "teacher talk" and 
comprises seven categories of questions, four of statements 
and four of directives; the second accounts for talk and 
activities initiated and/or maintained by the pupils. 
It was noticed that the most frequently observed categories 
were "teacher directspupils" and "teacher makes statements" 
indicating little pupil autonomy in the science lessons 
observed. Although differences between teachers were 
noticed, it was observed that the imparting of factual 
content predominated, and that pupils initiated and main- 
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tained categories were used much less than teacher directed 
ones. Although being cautious in comparing the findings 
with similar studies elsewhere, the authors suggest that 
some American studies using similar methodologies also in- 
dicate a high incidence of teacher description and teacher 
explanation in science lessons with little attempt to 
evaluate and theorize about observed data and different 
sources of evidences 
Apart from the general trends mentioned above, three 
different teaching styles were identified in the study 
(Galton and Eggleston, 1979; Eggleston and Galton, 1979). 
Type I (Problem Solverý): the initiative is held by the 
teachers, who nevertheless challenge the pupils with 
questions in both practical and theoretical contexts. A 
large part of the questions reflected a form of problem- 
solving approach, being of speculative and observational 
character. In summary, the lessons are based on enquiry 
which imposes some intellectual demands on the pupils* 
but initiative and control rests in the hands of the 
teacher. About SO% of the sample fell in this group and 
style I was most frequently observed in chemistry and 
physics lessons* 
Type II (Inform : characterized by the relatively 
infrequent use of questions, except those demanding recall 
and application of factual information. A high incidence 
of statements of fact and directives to sources of facts 
finding by the teacher was also noticed. The lesson as a 
whole is characterized by factual acquisition and little 
emphasis an practical laboratory work. About 33% of the 
sample fall in this group and it was the most frequent 
style observed in biology lessons. 
TyEc_III___(Enguirers)_: characterized by pupil initiated 
and maintained behaviour, towards designing experimental 
procedures, infcrrl*ng, formulating and testing hypotheses, 
Practical work centered on pupil enquiry is common and 
teacher direct influence less pervasive. About 18% of 
the teachers sampled fell in this category, 
In another study using a coding-scheme, different 
from STOS, Kerry (1981) observed four different teachers 
in sixteen double lessons, The lessons included first, 
second and third year science classes, The results show 
that the science teachers. spent a considerable amount of 
time in managing overtly the classroom and the pupils* 
A considerable amount of time was also spent in short 
contacts with groups of pupils performing experiments* 
During these contacts the teachers were, in general, more 
concerned with. the experimental procedures rather than 
with discussing their implications, and no real cognitive 
demands were placed on the pupils. 14ben teacher talk to 
the classroom was observed, it was commonly concerned with 
information giving. Questions asked by the teachers were 
usually of lower order, demanding recall and comprehension. 
Higher order questions involving application, analysis, 
synthesis and evaluation accounted only for 3% of the 
total transactions in the lessons, with the level of 
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pupils' nnswers mirroring the low level of teacher demand, 
Only 10% of the transactions observed were about stimulating 
pupils' thinking, while 34% were about informing and 56% 
were concerned with managing the class and individual pupils, 
It is also suggested that many classroom opportunities for 
stimulating pupils' thinking were neglected. 
In a different type of research concerning teaching 
styles (Barnes and Shemilt, 1974; Barnes, 1976), tcachers of 
third-ycars classes in eleven secondary schools were asked 
to write about the written work they used to set. One 
pattern found, when teachers of different subjects were 
compared, was that science teachers were, in general, 
situated near the "Transmission" end of a Transmission- 
Interpretation continuum. According to this scale 
"Transmission Teachers" perceive their task as transmitting 
knowledge and testing whether the pupils have rccicvcd it; 
"Interpretation-Teachers" in their turn perceive their task 
to be the setting up of a dialogue in which the learners 
can reshape their knowledge through interacting with others. 
Barnes hypothesizes a relationship between (1) the teachers' 
view of knowledge; (2) what he values in the pupils; (3) 
his view of his own role; and (4) his evaluation of his 
pupils' participation. These factors arc summarized 
below: 
The Transmission Teacher 
(1) Believes knowledge to exist in the form of public disciplines which include content and criteria of performance 
(2) Values the learner's 
performances insofar as they conform to the cri- teria of the discipline 
(3) Perceivcs the tcachcrls task to bc the cvaluation and corrcction of the lcarncrls pcrformancc, according to critcria of which hc is the guardian 
(4) Perceives the learner as an uninformed acolyte for whom access to knowledge will be difficult since he must qualify himself through tests of appropriate performance 
The Interpretation Teacher ... Believes knowledge to exist in the knower's ability to organize thought and action 
(1) 
(2) Values the learner's 
commitment to interpreting rcality, so that criteria arisc as much from the learner as from the teacher 
(3) Perceives the teacher's task to be the setting up of a dialogue in which the learner can reshape his knowledge through inter- action with others 
(4) Perceives the learner as already possessing syste- matic and relavent knowledge and the means of reshaping that knowledge 
Extracted from Barnes (1976) pp 144-45 
Pope and Keen (1981) comment on the fact that teachers 
have their own implicit views of the nature of knowledge and 
pedagogical practice. "Transmission-Tcachcrs" adopt what 
they call a "Cultural Transmission" perspective on education, 
while "Interpretation-Teachers" present a "ConstructilVist" 
perspective. Freire (1972. ) dubbed the "Cultural Transmission" 
perspective as the "Banking" concept of education, according 
to which students are seen as the deposit ories dnd teachers 
the depositors of knowledge* 
So3 The Lnngunnc of Scicncc Tcachinp, 
One of the major limitations of coding-schemes metho- 
dologics, such as the one employed in the study of Galton 
and Eggleston, is that in the coding process the real 
utterances of teachers and pupils are missed. Therefore, 
no detailed examination of what has really been said is 
possible. 
An example of how this unavailable information can 
be detrimental to the analysis of results is provided by 
the study described in the last section. Galton and 
Eggleston classified about 50% of their samples of teachers 
as "Problcm-Solvcrs" based on the fact that the majority 
of their questions were of speculative and observational 
character. Apart from the fact that the questions them- 
selves are not open to further scrutiny, - since they have 
not been recorded, nothing is said about the nature of 
pupils' answers. More important, no examination is 
possible of the treatment given by the teacher to those 
answers. The possibility exists therefore, that, even 
assuming that the questions were formally open-ended and 
speculative, pupils' answers were not treated in accordance, 
that is, only those answers leading to a swift flow of 
the lesson towards the teachers' transmission aims were 
considered and positively valued. That this pattern is 
likely to happen in science lessons will be demonstrated 
in the casc studies to be presented in later parts of 
this thesis. It should also be noticed that even the 
quantitative reliability of observation schedules has 
been questioned. Dunkerton (1981) points out, for instance, 
that observations using STOS may be underestimating the 
frequencies of some categories by as much as 8S%* 
In order to avoid the limitations of observation 
schcdulcsisomc studies of classroom interaction have 
resorted to the analysis of transcripts of lessons, making 
possible the examination of details of the real utterances 
emitted. The work of Barncs (1971) is classical in this 
sense. Although the sample of lessons and teachers analysed 
were limited and small and only first year lessons were 
observed, the conclusions arc worth being reviewed. Not 
all lessons observed were concerned with science, but one 
third were, and most of the examples illustrating the study 
arc derived from these lessons. Barnes does not draw 
specific conclusions for different subjects, therefore it 
can be assumed that the general comments made do apply to 
the language of "teachers' science". 
The study was mainly concerned with the effect of te. achcrs' 
language on pupils and with the teacher's use of a style of 
language not familiar to pupils. lie points out that many 
teachers present a language of instruction whith is alien 
to their pupils. Barnes talks about a "gulf of under- 
standing" between teachers and pupils, which is not always 
bridged by the former in their desire to teach the termino- 
logy of the subject, which for him became a familiar and 
even unconscious form of language* One typical example is 
the case of a teacher asking a group of pupils about a test- 
tube of milk and using a language of chemistry to suggest 
that milk is an example of suspension of solids in a liquid, 
From the teacher's talk it is clear that he sees before him 
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a good and useful illustration of the concept of suspension. 
His pupils, however, dependentas they are on their own 
experience, use a different framework and see milk in terms 
"bottle", "shake" and finally "cheese". Barnes then 
observes that "the teacher, frightened by his sudden glimpse 
of the gulf between them, hastily continues with the lesson 
hc has planned". 
Barnes sees the language of instruction as falling in 
three main categories: 
a) Specialist lanpu_agc_prcscnted, This includes cases in 
which the teacher presents specific terminology related to 
the subject because he is aware of the potential barrier 
that can be created to the pupils' understanding. Barnes 
points out that the introduction of specific terminology 
seems to have for many teachers a value of its own, and 
not always the substitution of a technical f orn. f or a n. ore 
coloquial one fulfils the function ofhelpilng pupils' under- 
standing. The situation is illustrated by a dialogue about 
the respiratory system during which the word "windpipe" 
advanced by a girl is substituted by the word 11trachcall. 
Although the everyday language term was perfectly adequate 
for explaining the phenomenon under discussiong the teacher 
felt the urge to initiate the pupil in the more esoteric 
subject matter terminology. 
b) Specialist language not presented. Either because the 
terms have already been introduced, or because the teacher 
is not aware that he is using them. 
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c) The-language of secondary education. This includes 
forms of language that, although not specific to particular 
subjects, are not part of everyday outside school speech. 
Most of the time teachers are not aware of the register of 
the language they use and do not make a conscious effort 
to elucidate it, To learn it is apparently part of the 
hidden curriculum of secondary education. Expressions 
like "tend to bell, "approximate", "is quitc apparent" and 
"the point I would like to make" fall in this category* 
It is also suggested by Barnes that apart from 
allowing teachers to express the concepts of their subject 
more precisely the language of instruction also fulfils, 
due to its conventional nature, the sociocultural function 
of supporting their role as teachers. These conventions 
are likely to be foreign to pupils, and teachers being used 
to operate within these linguistic styles can fail to see 
that a pupil has understood a concept if the explanation 
is not couched in the conventional terminology. The reverse 
can also happen: the use of a technical term by a pupil 
can conceal a lack of understanding. 
In his study Barnes paid special attention to the 
forms of questions asked by teachers. lie concluded that 
"very few questions were asked because the teacher was 
trull ignorant of the answer and wanted to know". Most 
of the time questionning fulfilled the sociolinguistic 
function of keeping the presentation flowing. Further- 
more, entirely open questions were extremely rare. 
Usually, the follow-up of questions framed in open terms, 
showed the teacher admitting only the "right" answer. 
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Barnes calls them "pscudo-qucstions'lo, In this issue, 
Barnes' analysis of classroom language seems to support 
the views of those who compare classroom discourse to a 
"verbal game" or "ritual", in which defined roles arc 
assumed by the participants (Sinclair and Coulthnrd, 1975; 
Stubbs, 1976; Edwards and Furlong, 1978). 
SA Teachers' Science and Curricular Science I 
Discussing some implications of their research 
Galton and Eggleston (1979) dr6w attention to the evident 
disparity between the principles guiding the development 
of new science curricula, such as the Nuffield O-Lcvcl 
schemes (emphasis on higher cognitive skills operating 
in a framework of guided discovery), and the style of 
teaching-adopted by more than 80% of the teachers observed, 
This dividelbetween the teachers' traditional pedagogical 
practice and the principles orientating the development of 
modern curricula, may have been one important factor pre- 
venting a wider implementation of schemes moving away from 
the traditional. 
Recent research on the introduction of new science 
curricula in school indicates that even when the now 
curricular materials were adopted, teachers tended to 
follow admrtdl strategies which lead to the use of 
the new materials without a re-orientation of their 
pedagogical practice (Olson, 1982a). lie, to a large 
extent, blames curriculum developers for adopting a 
mechanistic conception of teacher behaviour and failing 
to recognize some of the pressures school teachers are 
faced with in their work, such as examination demands. 
Moreover, he argues, in gcncral, innovators failed to 
communicate, in a languagc accessible to teachers, the 
philosophy of the new curricula, and to provide enough 
pedagogical guidancc. 
In a study that investigated eight postgraduate science 
teachers using the Schools Council Integrated Science Project 
(SCISP), Olson C1982b) reveals the difficulties faced by 
them in adopting the enquiry and discussion oriented pcda- 
gogical directives of the curriculum. The teachers per- 
ccivcd these directives as incffcctivc in coping with the 
examination demands and as threatening to their influence, 
control and authority in the classroom. lie argues for a 
humanistic and constructivist approach, taking into 
account the ways teachers perceive and construe their roles* 
to be adopted by curriculum innovations. Similar problems 
are related by Brown and McIntyre C1982) in relation to the 
introduction of Scottish Integrated Science (SIS) project* 
They comment that although SIS has been a remarkable example 
of success of curriculum development, being adopted by 80% 
of secondary schools in Scotland, the extent to which the 
intended classroom innovations have been implemented have 
been rather more modest. The fact that the adoption of 
the curriculum was not necessarily made on a voluntary 
basis may be puu,. J4, J to explain this observation, 
In one of the case studies to be presented in this 
thesis (Chapter 12) n situation will be shown in which, 
although Nuffield O-Level materials were used as the basis 
of the course, the teacher's style was basically a trans- 
mission one, 
The research reviewed in this section seems to justifY 
the proposed consideration of "curricular science" and 
"teachers' science" as related but separate entities, and 
to support 11amilton's insightful observation that: 
0 "When any curriculum - however 'teacher proof' it may be - is translated into classroom practice, it takes on a reality of its own. occasionally it may match the expectations 
of the curriculum planners but more often than not it develops in a variety of forms, some intended, some unimagincd. Clearly the impact of an innovation can be surcly modified by the milieu in which it is used and by the 
uses to which it is put. In an extreme case 'innovation without change' may result. " 
(Hamilton, 1976, pe 196) 
S. 5 Summary 
In this chapter I considered some aspects concerning 
the nature of "teachers' science". Research reviewed 
suggests that, in spite of the curriculum reform movement 
pleas for less directive and more inquiry oriented 
approaches to science teaching, most of what happens in 
secondary school science classroom can be accommodated in 
a "Cultural Transmission" framework. It also indicates 
that the linguistic registers employed by science teachers, 
do not always help to foster pupils understanding* 
If those considerations are linked to the fact that 
pupils bring to the classroom some already formed personal 
perspectives about physical phenomena - "children's science" - 
the possibility arises that those perspectives arc not given 
due consideration. The case studies, dealing with classroom 
negotiation of knowledge, presented later in this thesis 
illustrate this possibility, 
It was also indicated that teachers' personal perspectives 
do influence the way in which they translate the intentions 
of curricular developers into classroom practicce 
CHAPTER SIX 
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6. STUDENTS' SCIENCE 
6.1 Introduction 
In the conceptual framework presented in Chapter 1, the 
expression "students' science" was introduced in order to 
account for the outcome of the interaction between "teachers' 
science" and "children's science". Although acknowledging 
that in science courses pupils interact with other sources 
of information apart from the teacher (e. g. textbooks, other 
pupils), the instructional situation is usually mediated by 
the teacher. This fact justifies the instructional situation 
to bc, fe-a-first approximation, conceptualized as the inter- 
action between the two forms of knowledge mentioned above* 
Before the current wave of research on "children's science", 
outcomes of learning were usually characterized in terms of 
"right" and "wrong" conceptions, usually identified in post- 
tes*t situations by means of nomothetic questionnaires. With 
the more constructivist view that typifies a considerable 
part of recent research in science education (see Chapter 
came the realization that "children's science" plays a 
greater role in the way pupils incorporate new knowledge to 
their existing views* 
Nevertheless, research in the area concentrated mainly 
in identifying conceptions held before formal teaching. than 
after. As it was already shown'in Chapter 3, investigations 
with older subjects. demonstrate that "children1s, science, ' 
can persist in spite of formal teaching, but little attention 
has been given to the details of the outcomes of science 
teaching, 
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6.2 Outcomes of Science TeachiRR 
One recent attemýt to classify outcomes of science 
teaching in general categories is provided by Gilbert, 
Osborne and Fensham (1982). and Gilbert, Watts and Osborne 
(1982). Analysing data from research using Interview- 
about-Instances (Osborne and Gilbert, 1980) and Interview- 4b 
about-Evcnts (Osborne, 1980) they identified at least five 
patterns of outcomes. The patterns and examples presented 
below are extracted from Gilbert, Osborne and Fcnsham (1982) 
and Gilbert, Watts and Osborne (1982). 
a) The Undisturbed Children's Outcome. Some children have 
an undisturbed viewpoint despite formal teaching. In'this 
case it is common for the learners to have incorporated 
some language of science to describe th. e viewpoint, which, 
nevertheless, remained essentially unaltered, One example 
of this outcome is the case of a 15-year-old, doing O-Level 
integrated science, advancing the same answer that a 6-ycar- 
old and a 13-year-old, when asked if there was any force on 
a man in a satellite orbiting the earth: 
"No, there is no gravity up there. " 
In relation to the situation presented, ideas about 
force and gravity taught in the science class seem to have 
had no impact on the 1S-year-old viewpoint. 
b) The Two Perspectives Outcome.. The student basically 
rejects ibe "teachers' science" as something that can be 
accepted in terms of how to view the world, but considers 
it as something that must be learned for exnminntion 
purposes. This pattern is illustrnted by the nnswer given 
by a 17-year-old sixth-former when nsked for n definition 
of force: 
110h now I've got it ,, a force is an action or reaction (laughs) that's what they (teachers) always give us. (What does it mean? *) Well they normally give us examples that are easy to explain , but I don't get it ... if I push the wall I can't see how it can possibly push me back. " 
Although the student seems to have "learned" the 
standard explanation that "to each action corresponds a 
reaction", he finds it difficult to apply it, in order to 
analyse everyday phenomenas 
c) The Reinforced Outcome. The dominance of the pupil's 
prior understanding can often lead to unintended uses of 
what is being taught. One common case is where concepts 
defined in-science in a particular way are used to mean 
something different. For example, a 1S-year-old explaining 
the appearance of drops of water outside a jar containing 
ice: 
"Through the glass .. like diffusion through air and that .. well it isn't got there any other way (a lot of people I have talked to have been worried about this water eoe it troubles them*) Yes, because they haven't 
studied the things like we have studied (what have you studied which helps? *) things 
that pass through air, and-concentrations, 
and how things diffuse. " 
In this case the notion of diffusion, learnt. in the 
* Interviewcr 
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context of movement through air nnd water, has been applied 
to explain movement through glass; the concept of diffusion 
reinforces the "children's science" explanation of the 
phenomenon, 
d) The Mixed Outcome, In this pattern students hold ideas 
that are not 'interpreted and may be selfcontradictory; the 
learner's views are a mixture of "children's science" and 
the teacher's views. This case can be illustrated by the 
explanation provided by a 14-year-old when confronted with 
a mixture of ice and water due to the defrosting of ice: 
"I thing it is the same atoms in the ice before and now they are unfrozen in the water (What else is there beside the atoms? * The stuff that freezes? *) no 000 1 don't know .. yes ... no see it's all atoms but the atoms arc just frozen. " 
The student applied the idea of conservation of matter 
. between change of phases, but the -microscopic change in 
structure was interpreted as a change in the properties of 
the atoms themselves. 
e) The Unified Scientific Outcome. In this case the student 
successfully mastered the conceptions he is supposed to 
have learned. His views regarding the phenomena in question, 
are closely aligned to "curricular science". For example, 
the answer given by an 18-ycar-old sixth-former when asked 
about the forces acting on a golf ball after being hit by 
a club: I '. . 11). 
* Interviewer 
6-5 
"No there's only gravity here ... as any applied mathematician would know es. the force ended when it left the club . ** and there's an air resIstance of course so that the resultant force is back this way when you add the two*" 
One possible argument that could be raised in relation 
to the way by which the outcomes described were determined, 
is that the students were not interviewed before the topics 
had been taught. Therefore their prior knowledge and the 
answers they would have given if asked similar questions 
before teaching took place is something which had to be 
conjectured. Nevertheless, the categories seem sound enough 
to be considered as a system to be tested and, possibly 
expanded in studies using a research design with more 
control over the variables. 
one example of such a case is a quite old study by 
Fleshner (1963). Russian schoolchildren, aged between 11 
and 13 years, were interviewed about their ideas of "weight" 
before and after being taught the topic. Four patterns 
of outcome were identified in the study. Three of the 
patterns were similar to the Undisturbed, Mixed and Unikied 
outcomes described above. The fourth group of children 
presented a reaction in the post-interviews, whiph. j. 
would suggest called "The Inhibited Children's Science 
outcome". This pattern shows children starting an explanation 
by employing their prior knowledge ("children's science") if: but suddenly coming to a stop, rdalizingý'to be on the wrong 
track. They were not able, --however, --toi-produce an explanation 
which satisfied them aj; d decided not to give any. Typical 
statements of pupils presenting this outcome are: 
"I don't rcmcmbcr and I don't want to talk nonscnse. 11 or 
"I forgot about what we learned. Why say it wrong? " 
6.3 SummarX 
In this chapter some possible patterns of outcomes 
of science teaching were presented* Five of them were 
identified in Gilbert, Osborne and Fcnsham (1982) and 
in Gilbert, Watts and Osborne (1982): 
a) The Undisturbed Children's Science Outcome b) The Two Perspectives Outcome 
c) The Reinforced Outcome d) The Mixed Outcome 
e) The Unified Scientific Outcome 
A sixth pattern is presented in a study carried out 
by Flcshncr'(1963), which could be named 
f) The Inhibited Children's Science Outcome 
It was suggested that the amount of research focussing 
on the outcomes of science teaching, from a constructivist 
perspective is still very reduced. Further studies are 
needed in order to corroborate and expapd the categories 
so far described* 
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7. PRESENTATION OF THE CASE STUDIES 
7.1 Introduction a 
In the previous chapters of this thesis I introduced 
and discussed, in a general way, a framework according to 
which science education is conceptualized by considering 
different forms of knowledge, their interactions and their 
transformations* The framework was advanced as a proposed 
conceptual tool and descriptive language to be shared by 
teachers and researchers in science education* 
In the next six chapters four case studies are presented, 
and in them some aspects related to the everyday practice 
of physics teaching are analysed from the point of view of 
the framework adopted. In Case Studies I and II (Chapters -I 
8 to 11) the framework is applied comprehensively , and the 
analysis is centered around two topics which are usually 
considered in school science physics at CSE and O-Level. 
Case studies III and IV (Chapters 12 and 13), in their 
turn, consist of the analysis of two instances of classroom 
interaction involving practical work. Since Case Studies 
I and II are more complex, in the sense that their scope is 
wider, in this chapter I will concentrate on the discussion 
of their form of presentation. The form of presentation of 
Case Studies III and IV are discussed in their respective 
chapters. 
In Case Studies I and II, the conceptual framework 
described in Part A of this study is illustrated by applying 
it in the analysis of two topics of secondary school physics. 
My aim, in presenting them is twofold. On the one hand they 
are intended to illustrate, with concrete instances, the 
forms of knowledge previously discussed at a more general 
and abstract level. In this sense the presentation has a 
clarificational purpose. On the other hand the case studies 
do highlight some problems with regard to the teaching of 
the topics considered. Thus I expect that the presentation 
can serve some practical purpose. 
The two case studies consist basically of a critical 
analysis of curricular materials and instances of classroom 
interaction. The conceptual framework is brought into action 
by: 
a) informing the analysis of "curricular science" with 
results derived fron, a study of "scientists' science" and 
"children's science". 
b) conceiving the classroom interactions during science 
lessons, at least as far as content is concerned, as an inter- 
action between "teachers' science" and "children's science". 
c) informing its analysis with results derived from the 
considerations of item a) above. 
The topics around which the case studies are centered 
are "Light and Colour" (Chapters 8 and 9) and "Force and 
Movement" (Chapters 10 and 11). The reasons for choosing 
these topics were various: 
a) Both are commonly taught in physics courses at CSE and 
O-Levels, and therefore the results of the analysis can be 
instructive to practising teachers; 
b) They are topics in which children arc likely to develop 
early intuitive conccpti6ns and therefore the interaction 
between "children's science" and "teacher's science" could 
be illustrated; 
c) In the case of "Force and Movement", in particular, there 
is strong evidence that "children's science" tends to recap- 
itulate conceptions that were produced in the historical 
development of "scientists' science". There is, therefore, 
a need for teachers to have a greater awareness of that fact; 
d) Both are topics which are treated by most science curricula, 
and therefore an analysis of "curricular science" could be 
undertaken; 
e) I had the opportunity to observe qn experienced physics 
teacher in action when presenting these topics. Thus some 
problems that even experienced teachers face, when presenting 
those ideas, could be illustrated, 
7.2 Form of Presentation 
The presentation of Case Studies I and II follows a 
similar sequence: 
1. Scientists' Science: a summary of the historical develop- 
ment of scientific ideas concerning the topic. The historical 
development offers a baseline for. the analysis of the trans- 
formation of "scientists' science" into "curricular science". 
In the case of "Force and Movement", in particular, the pre- 
sentation also aims to show parallels between "children's 
science" and historically earlier scientific ideas, 
2. Children's Science: a summary of the literature concerning 
alternative conceptions related to the topic. It provides a 
background against which "curricular science" and the inter- 
action between "teacher's science" and "children's science" 
arc analysed, 
3. Curricular Science: an analysis of some textbooks' presen- 
tation. of the. topic, For the present study I considered the 
following texts: 
OrdinaryLevel, Physics (Abbot, 1978): a traditional approach 
to O-Level Physics. 
. CSE Physics (Nelkon, 1978): a traditional approach to CSE Physics 
Nat Phil 3t49S (Jardine, 1973a, 19736,1974 ): a traditional 
approach, though more historically illustrated 
Revised Nuffield Physics: an enquiry oriented approach. It 
comprises*-General Introduction (Rogers and Wenham, 1977a); 
Pupils' Texts Years 1 and 2,3,4,5 (Rogers and Wenham, 1978a, 
1976,1978b, 1980a); Teacherý-s Guide Years 1 and 2,3,4, S 
(Rogers and Wenham, 1978c, 1977b, 1978d, 1980b)o 
The sample of exemplars of "curricular science" does 
not claim to be inclusive, but is, nevertheless representative. 
Revised Nuffield Physics, with its heuristic orientation is 
a departure from the traditional, and is a typical 
example of developments following the curricular reform 
movement of the 60's (Chapter 4). Nat Phil, although still 
in the traditional approach in terms of content presentation 
is more historically illustrated than usual textbooks. The 
two books representing the traditional approach of content 
presentation are probably the nost popular ones in their 
class* and were the ones indicated by the teacher observed 
in Case Studies I and II, 
4. Analysis of a lesson extract: an analysis of transcripts 
of tape recorded lessons. Sociolinguistic and content aspects 
of the presentation of "teacher's science", and its relation 
with "curricular science" and "children's science" are consi- 
dered. 
For the two case studies which follow immediately the 
sequence 1 to 4 described above is divided into two chapters. 
In one items 1 to 3 are considered (Chapter 8 for Case Study I 
and Chapter 10 for Case Study II); in the other item 4 is 
considered (Chapter 9 for Case Study I and Chapter 11 for Case 
Study II),, 0 
In the presentation of the case studies the emphasis 
will be on the critical analysis of the curricular materials 
and of the instances of classroom interaction, and suggestions 
for alternative approaches will be rather implicit in the 
critique. Their explicitation and development will be con- 
sidered in the final chapter of this study. 
The next section consists of a discussion of the metho- 
dology used in observing and analysing the lessons, which 
constitute a central component of the following case studies, 
*I was informed by the Publishers Association (personal letter, Nov. 1981) that there were no figures available concerning sales of physics textbooks. Dangerfield (1981) reports that a survey considering every secondary school 'in Staffordshire showed those two to be the most commonly used ones. Informed contacts with teachers suggest that the same can be true for the rest of the country, 
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7.3 Approaches to Classroom Observation 
The major approaches to the study of classroom inter- 
action, from a linguistic point of view, can be briefly 
described under the following headings (Open University, 1979): 
a) Coding Schemes,: sets of categories designed to code and 
classify classroom language. Usually, a trained observer 
sits in the back of the classroom and codes the interactions 
at fixed time intervals, as they occur. This sort of approach 
has been traditionally associated with the work of Flanders 
(1970), although a large number of different observation 
schedules have been developed (Simon and Boyer, 1970)o A 
version especially adapted to the observation of science 
lessons in the U. K. was developed by Eggleston and Galton 
(1979); the main results of their study were discussed in 
Chapter So 
The coding scheme approach is traditionally quantitative 
and allows for broad trends of teaching styles to be detected 
when large samples are observed. The fact that the code is 
made "in loco", often means that the actual content of class- 
room language is missed. Some of the consequent problems had 
been commented upon in Chapter S. There are no reasons, of 
course, for not tape-recording the lesson in order to recupe- 
rate the missing utterances, but a detailed analysis of the 
material would certainly impose, from a practical point of 
view, restrictions on the samples to be studied. This would 
lead to a restriction on what advocates of the approach see 
as its major disadvantage, 
The limitations of coding-schcmc approaches have been 
pointed out by supporters of classroom studies following 
an "anthropological" orientation (Ilan-ilton and Dclamont, 
1979) and by t-hos'c concerncd witli classroom lang ,, uagc (Barnes, 1971; Stubbs, 1975). As one of them stated: 
"Most of the studies, however, restrict themselves to statements about whole lessons, and do not examine the details of the ebb and flow of activity during the parts of the lesson. Quotations of the actual words used are hardly to be found; writers tend to use mde-up exchanges to illustrate their meaning. 711c desire to make general and quintifiable statements has directed the attention of most investigations au-ay from the considerations raised in this paper. " 
(Barnes, 1971, p. 12-13) 
Limitations of this sort dircctcd somc rcscarchcrs on 
classroom studics to a morc dctailcd study of classroom 
languagc, such as "insightful obscrvations" and "analysis 
of discoursc". 
b) ghtful Observations: such studies involve the detailed 
observation and commentary of recorded lessons, demanding 
close attention to the details of classroom language, In 
this approach attention paid to matters of detail and the 
preoccupation in capturing the actual language displayed in 
classroom discourse leads the advocates of the approach to 
sacrifice quantity (in terms of large samples) to the needs 
of qualitative aspects. The investigation of the character- 
istics of "teacher's science" and its interaction with 
"children's science" in classroom contexts has to be based 
in some sort of detailed analysis of the actual language 
employed by* ieýcherý and pupils. 
Insightful observation in Britain is usually associated 
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with the work of Douglas Barnes, some features of which had 
been presented in Chapter S. Barnes' description of teachers, 
language was restricted to selective commentary of passages 
in lessons. Some of the limitations of the approach have been 
pointed out by Barnes (1971) himself, Language, he states, 
is described in impressionistic terms because no operational 
definitions exists and therefore it has been difficult "to 
define the categories in such a way that the analysis can be 
reproduced by another investigator". 
c) Analy_; ýis of Discourse: this pays close attention to the 
actual forms of language used, mainly from a sociolinguisticp 
rather than from a pedagogical, perspective. Although using 
coding categoriesq the coding is performed "a posteriori" and 
is based on the transcripts of recorded lessons. It offers a 
useful descriptive approach and it is represented by the work 
of Sinclair and Coulthard (1975). Since the preoccupation is 
primarily with the sociolinguistic functions of classroom 
language, the actual content of the utterances is not dis- 
cussed in this sort of analysis, 
The system of categories proposed by Sinclair and Coulthard 
was developed from the observation of a limited number of 
lessons, during which the interactions observed were restricted 
to formal lecturing by the teacher to the class. Therefore, 
its use is properly restricted to this sort of situation. 
Since the instances of classroom interaction presented in Case 
Studies I and II occurred within this type of teaching situation 
the system was employed, The system is also employed when 
similar situations occur in Case Study III, A summary of the 
system of analysis proposed by Sinclair and Coulthard (1975), 
is presented ps an Appendix to the thesis. 
. 7.4 Method of Analysis 
In the analysis of the lesson extracts, as included in 
Case Studies I and II, I attempt to combine the systematic 
power and preoccupation with sociolinguistics aspects of 
classroom language, with the preoccupation with content 
analysis that typifies less structured approaches such as 
insightful observation. This combination reflects my concern 
with both the form and content of classroom discourse* 
The first step in the analysis was the application of 
Sinclair and Coulthard categories to the material transcribed 
in order to identify the general sociolinguistic pattern of 
the observed lessons. According to the scheme employed, a 
lesson, when following a formal lecturing mode, consists of 
a sequence of major units - transactions - which in their 
turn are seen as composed of more basic sociolinguistic units - 
exchanges. moves and acts, (see Appendix In .. a second step 
the transactions were used as units for comment on. the content 
and pedagogical aspects of the interactions* The Presentation 
consists then of a series of transactions, each of which is 
followed by a commentary. The format of presentation of the 
transcripts is different from the one uýed in Sinclair. and 
-Coulthard (1975)o This is due to the fact that their format, 
although feasible in a book, would cause practical difficulties 
if followed in a thesis presentation. The format adopted here 
is Allustrated in the Appendix. 
CHAPTER EIGHT 
CASE STUDY I: LIGHT AND COLOUR 
(Scicntists', Children's and CUrricular Science) 
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8. CASE STUDY I: LIGHT AND COLOUR _(_Scientists', Children's and Curricular Science 
8.1 Introduction 
In this first case study the framework presented in Part 
A of this thesis is applied in the analysis of the topic 
"Light and Colour", which is usually treated by most school 
physics courses, and included in the majority of CSE and 0- 
Level textbooks. Thevresentation follows the pattern already 
described in Section 7.2. Some additional remarks are, how- 
ever, needed. 
Some science curricula today, when illustrating alter- 
native scientific theories about physical phenomena, do 
mention the controversy between the corpuscular and wave 
models of light. PSSC (1960) Physics and Revised Nuffield 
Physics constitute good examples in which both models arc 
presented in order to prepare the way for the introduction, 
at the end of the course, of the quantum-mechanical synthesis* 
0 Although related to that major controversy, mainly 
after the developments which occurred in the seventeenth 
century, theories about colour have their own history of 
disputes. These became quitc acute, with the divide, in 
the nineteenth century, between theories emphasizing physical 
asDects and theories emphasizing physio-psychological ones. 
The final part of. Section 8.2, which presents a historical 
overview of-conceptions aboutithe nature of light and colour... 
concentrates on this divide. When analysIng curricular 
materials in Section 8A, I will make the point that this 
aspect of theories about light and colour is absent in 
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"curricular science's presentations. It will be seen flint 
a particular view - Young's trichromatic theory - advnnced 
at the beginning of the nineteenth century, is presented 
as the accepted explnnation for what is still today an issue 
under study* 
The presentation of the historical overview is select- 
ive, the emphasis being placed on theories about the nature 
of light and colour. Therefore, important aspects related 
to geometrical properties of light behaviour will not be 
specifically discussede 
The presentation of "scientists' science" conceptions 
about the nature of light starts with some ancient views. 
Although some would object to the classifying of these views 
as "scientific", I. dccided to include them for various 
reasons. First, they help to put latter developments in 
perspective by providing a historical background. In the 
second place, some of them are paralleled by "children's 
science", a point which will be stressed in Section 8.3, 
And finallyq they represented sophisticated attempts to 
understand the world, and therefore can'be considered, at 
least, protoforms of "scientists' science". 
8.2 Scientists' Science 
8.2.1 Ancient Conceptions. Although the concern with light 
and its associated optical phenomena was common to the great 
ancient civilizations in general, the roots of the Western 
tradition in this field lie, as part of a more comprehensive 
cultural hcritagel in the Greek world. According to Ronchi 
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(1970) the Greek philosophers wcrc less intcrcsted in 
dctcrmining the nature of light than in cxplnining the 
mechanism of vision, a concern that can be cxplnincd by 
their preoccupation to understand man and his facultiess 
One of the earliest lines of thought is credited to 
the Pythagorean tradition (Ronchi, 1970), according to 
which vision was due exclusively to an invisible emanation 
which came out from the eyes, and, by touching the objects, 
revealed their shape and colour. This theory was quite 
influential and became part of geometry, with the definition 
of "visual ray", emitted by the eye and following a straight 
line. 
Systematic doctrines of light and vision were also 
proposed by the atomists. Although differing, sometimes 
in matters of substantive detail, all the atomists shared 
the belief that the phenomenon of vision could be explained 
by the. mediation of material effluences of corpuscular 
character (Lindberg, 1976). Different to the Pythagoreans, 
for the atomists the emanations t-u-s-v conveyed from the 
visible object to the eye. 
Democritus (460 BC) believed that light consists of 
indiscernable round particles, travelling through the air, 
from the luminous source to the Is eye. The 
visual imagel however, was not supposed to be formed directly 
in the eye but in the air, compressed by the combined effect 
of the eye and the corpuscular emanations from the object 
seen. The. visual image consisted of this compressed air, 
which was assumed to be solid and variously coloured (Lindbergg 
(1976)9 
An influential version of atomistic conceptions about 
light and vision was the one advanced by Epicurus (342-270 DC) 
and later popularized by Lucrctius (d. ca, 55 BC), According 
to Epicurus, colour and form wcrc part of the nnturc of 
objects. All existing bodies werc thought of as continuously 
cmiting images ("cidola") similar in shapc and colour to the 
solid bodics, but more tcnuous than them (Ronchi, 1970)o 
These images were able to impress our eyes and souls, the 
latter in dreams (Tonnelat, 1964). 
Plato, in his turn, believed that a stream of rays was 
issued from the observer's eye and, after coalescing with 
the sunlight, formed a single homogenous body which encoun- 
tered particles emanated from the observed objects (Lindberg, 
1976), These particles were assumed to be black and white, 
having different sizes; colour vision was explained by 
different motions performed by these particles (Tonnelat, 
1964). According to Ronchi (1970). Plato's assumption of 
emanations, both from the objects and from the eye, must 
be interpreted as indicating a belief that both external 
and internal (psychological) agents were needed in order 
to explain visual perception, 
The necessity of corpuscular emanations, which 
characterized the models described above, was rejected by 
Aristotle (384-322 BC), who presented an account of vision 
as part of his psychological theories. lie accepted the 
necessity of a physical mediator between visible objects 
and the observer, attributing this function to the medium 
between them. For him the medium of sight was the 11trnns- 
parent", a quality found in the air, water and some solid 
objects. Light was a state of the 11trnnspnrcnt", nctivnted 
by the presence of fire (one of Aristotle's four basic 
elements); when this state was activated the objects became 
visible through the transparent medium. Colour, in its 
turn, was thought to be a property of the surface of objects, 
which had the power to produce qualitative changes in the 
transparent medium, leading to their perception (Lindberg, 
1976)o 
During the Middle Ages most of the important contri- 
butions to the study of optical phenomena were developed in 
the Islamic world (Ronchi, 1970; Lindberg, 1976). The 
original and new conceptions produced, however, concentrated 
on aspects related to geometrical optics and perspective, 
rather than on theories concerning the nature of light. 
As far as the phenomenon of colour was concerned, * 4 
medieval theories reflected basically the ancient assumption 
that light and colour were distinct entities. Colour was 
supposed to be a quality or property of the surface of 
objects, made visible through the action of light* 
In the Renaissance new ideas started to appear, and 
the first hints at the possibility of a wave theory of 
light were presented by Leonardo da Vinci, who, considering 
the similarity between sound echoes and the reflection of 
lighý, suggested an analogous behaviour for light and 
sound (Harvard Project Physics, 1968), The rainbow and 
its colours, which received increased attention during the 
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Middle Ages, was already, in the sixteenth Century, cxplaincd 
by refraction and rcflcction of the sunlight in the raindrops, 
indicating that a closer relationship betwocn light and 
colour was beginning to be explored (Bouma, 1971). Kepler, 
for instance, defined colour as "potential light", and 
assumed that light was colourlcss, only acquiring colour 
when reflected by, or travelling through, a colourcd body 
(Ronchi, 1970). 
8.2.2 The Seventeenth Century., During the seventeenth 
Century the unification between light and colour was completed. 
At the beginning of that century light was "colourless" and 
"light and colour were two different things" (Ronchi, 1970), 
and by its end the Newtonian model, according to which white 
light was composed of different colours, was beginning to 
dominate. Although the name of Newton is usually associated 
with the transition, his way was paved by other scientists 
such as De Dominus (lS64-1624), Descartes (1596-16SO), 
Grimaldi (1618-1663) and Hooke (163S-1703), who studied the 
production of colours in rainbows, glasses filled with water 
and prisms (Sabra, 1967 ; Ronchi, 1970). In these cases 
the phenomenon of. refraction was involved, and the precise 
formulation of the law of sines by Snell and Descartes 
provided the tool for a mathematical approach to the problem* 
Grimaldi, in particular, str. ongly defended the idea 
that light rays were also endowed by an undulation of very 
high frequency that enables them to stimulate the sensation 
of colour; light was no longer a "colourless something"o 
The idea, however, was not easily accepted: 
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11%11at has been said so far seemed to be quite sufficient to demonstrate the truth of our Proposition. But in discussing several times this question with men of great learning, I discovered that more than once they midc remurcc to the evidence of the eyes which according to them revealed colour as being something pem-inently attached to bodies which are invisible and not self luminous, and as something really different from light; it ums not possible by miking u-se of any argument whatsoever to move them from this sacred altar to which they were clinging. " 
(Grimaldi, quoted in Ronchi, 1970, p. 14 6) 
An important analysis of the problem of colours, using 
a wave model, was presented by Hooke in his Micrographia, 
. which appeared in 166S (Sabra, 1967; Ronchi, 1970), and in 
which an elaborate account of the colours appearing in thin 
transparent plates- later known as Newton's rings - (such 
as soap bubbles, glass blown in very fine sheets and metalg-ic 
surfaces) was proposed. Hooke assumed that white was the 
effect of an undisturbed motion or pulse, in which the wave 
fronts were perpendicular to the direction of propagation* 
Colours were produced when such pulses were disturbed as 
a result of refraction (the prism) or the combination of 
pulses reflected by the lower and upper faces of thin plates. 
In-those disturbed pulses the wave fronts were oblique to 
the direction of propagation; in the oblique wave front the 
part which first met the refracting surface would be "weaker" 
than the part which follows, because the former will prepare 
the way for the latter. 
The sensation of colours was then explained by Hooke: 
"Blue is an impression on the Retina of an oblique and confus'd pulse of light, whose weakest part precedes, : and whose strongest follows .. Red is an impression on the Retina of an oblique and confus'd pulse of light, whose strongest part precedes, and whose wcaRest. part follows*" 
Qboke, quoted in Sabra, 1967) 
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The other colours were explained as resulting from the 
effect on the retina of pulses focussed between the extremes 
red and blue. In Hooke's model, colour is clearly an effcct 
generated in the retina by the light pulses, and not a 
quality of the object being observed, and the propensity 
to generate colour was acquired by the pulses when passing 
through prisms, thin plates, water drops, etc. 
8.2.3 The Newtonian Influence. Newton's initial interest 
in colours was associated with the problem of chromatic 
effects on lenses of non-spherical shapes. Then$ 
according to his letter to the Royal Society in February 
1671 : 
'lose I procured me a Triangular glass-Prisme, to try therewith the celebrated Phaenomena of colours. And in order thcret6 having darkened my chamber; and made a small hole in my window shuts, to let in a convenient quantity of sun light, I placed my Prisme at its entrance, that it might be thereby refracted to the opposite wall. It u-as at first a very pleasing diver- tisement,: to view the vivid and intense colours, produced thereby; but after a uhille applying myself to consider them more circumspectly, I became surprised to see them in an oblong fom; which according to the received law of Refraction, I expected should have been circular 
(Neuton, quoted in Ronchi, 1970, P, 160) 
Newton explained this surprising result by assuming 
that light consists of rays with different degrees of re- 
frangibility (indices of refraction), each of which asso- 
cilated to. a different colour. lie also assumed the rays to 
be "possibly" constituted of "globular bodies" of different 
masses, which were therefore subjected to different deviations 
(Ronchi, 1970). The fact that a second prism was able to 
reconstrue the original beam, generating a round (and not 
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refracted) image was presented by him as confirming his 
explanation, 
The Newtonian model differed in two important ways 
from the existing ones. Unlike llooký (and also Huygens) 
Newton used a corpuscular model. Although he claimed that 
it was just a hypothesis, which he would relinquish if 
presented with a better alternative, he adhered to it in 
quite a dogmatic manner; his explanation of refraction 
which appeared in the Principia, was based on a corpuscular 
view since the rays of light were assumed to obey the laws 
of particle dynamics (Sabra, 1967), 
The second point of departure was Newton's view that 
white light was a composed entity. Rays with different 
refrangibility (particles with different mass) were already 
existent in white light, and not created in the prism. The 
function of. the prism was to sort out the different rays 
which could be recombined by means of a second prism. Newton 
was very committed to this conception, which he regarded 
not as a hypothesis, but as a definite result, based on 
experimental data. That was another important point of 
disagreement between Newton on one side and Hooke and 
Huygens on the other (Sabra, 1967). 
It is important to stress that Newton made clear that 
colour is a perception, and pointed out that when he 
mentioned coloured. light or coloured rays, he was only ex- 
pressing himself in a manner of speaking, and not "philo- 
sophically and properly": 
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"The homogeneal light and rays uitich appear red, or rather mike objects appear so, I call rubrific or red-miking; those uMch mike objccts appear yellow, green, blue and violct, I call ycllow-mikiing, green-m-1king, blue-miking 
*******9** In them thcre is nothing else thmi n ý;; i; in power and disposition to stir up the sensation of this or that colour. 11 
(Newton, quoted in Ronchi, 1970, p. 170) 
The Newtonian conceptions about light and colour were 
-j,, v, t&aJQ" critisized by Huygliens and Hooke, who committed 
to a wave model of light, reacted strongly to the corpus- 
cular theory proposed by Newton. The corpuscular model 
had to assume that the light particles moved faster in a 
denser medium, such as water or glass, than in air, in 
order to explain refraction, and that was an anti-intuitivC 
proposition. They were also never convinced by Newton's 
arguments in favour of the composite nature of white light 
(Sabra, 1967). Furthermore, Newton never succeeded in 
giving a satisfactory account of the phenomena of colours 
in thin plates (Newton rings) even when he incorporated 
in his pure corpuscular theory, the idea of a 
vibrating ether (the theory of fits). Diffraction, a 
phenomenon already noticed by Grimaldi, and double refraction, 
were also poorly accounted for by Newtonian optics (Ronchip 
1970)o 
In spite of these drawbacks, with the publication of 
Newton's "Opticks" in 1704, and in part due to the influence 
of his theory of mechanics, his conceptions on optics gained 
the acceptance of a major part of the scientific community 
during the eighteenth century. As Ronchi (1970) points out: 
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"Perhaps Ole simplicity with wbich, Neu-ton's theory cxplnined the bcst-ýmown elementary phenomena of light, such as reflection, refraction, nnd the production of colours, conquered the majority of minds. Tbis left unexplabied the complex phenomena of diffriction and double refraction 0000 of 
(Ronchi, 1970, 
According to Kuhn (1977a), during the eighteenth ccnturyt 
Newton's "Opticks" provided the paradigm in this field. For 
instance, physicists sought evidence of pressure exx&ýtJ- 
by light particles, a line of research not hinted at by wave 
theory. Kuhn regards the Newtonian framework as the first 
nearly uniformly accepted paradigm in optical physics. The 
emergence of the Newtonian paradigm changed the field: 
"Since Newton, education and research in physical optics have normally been highly convergent. The history of theories of light does not, however, begin with Newton. if u-c ask about knowledge in the field before his time, we encounter a sig- nificantly different pattern, -a pattern, still familiar in the arts and in some social sciences, but one uhich has largely disappeared in the natural scienes. From remote antiquity until the end of the seventeenth century there was no single set of paradigms for the study of physical optics. Instead, many men advanced a large number of different views about the nature of light. Some of these views found few adherents, but a number of them gave rise to continuing schools of optical thought. Although the historian can note the emergence of new points as well as changes in the relative popularity of older ones, there was, never anything resembling consensus. As a result, a new man entering the fiieldu-aS inevitably exposed to a variety of conflicting viewpoints; he u-as forced to examine the evidence for each, and there alu-ays u-as good evidence. The fact that he made a choice and conducted himself accordingly could not entirely prevent his awareness of other possibilities. This earlier mode Of education was obviously more suited to produce a scientist without prejudice, alert to novel phenomena, and flexible in his approach to his field. " 
(Kulin, 1977a, pe 231) 
Ronchi (1970), using more passionate discourse, makes 
a similar point: 
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"For those interested in the function of dogmatism in science, it is worth noting that the Newtonian theories of the eighteenth century constituted a real and tnic dogma. I'he molutlonarics of the scvcntccntli century had struggled against the dogmitism of the Peripatctics to establish a rational wthod and a clear critical mcntality in the scientific field. Ilic result had hccn obvious. The dogmatism of the 11cripatetics, unas supplanted by the dogmatism of the Ncwtonians which, imfortunatcly, was even stricter and rore domineering than its predecessor. Ilic Pcri- patetic dopna was clearly stated and was used as a mthod, uMle the Newtonian was not called dogma but wns, consiticrcd to be the result of expcrlmntal and rational investigations and, as such, %%-as considered to bc unquestionable. In practice it was forbidden to critisisc it or to Iny any stress on phenomena which did not come within its general frameuvrk. From this it appears as if the scientific world is destined to pass from one dogma to another, just as if dogmatism wcre an absolute necessity*" 
(Ronchi, 1970, p. 220) 
If the word "dogma" is substituted by "paradigm" the quote 
could be Kuhn's. The original edition of Ronchils book was 
published in Italy in 1939, 
In a situation like the one described by Ronchi and Kuhn, 
it is not perhaps surprising that criticisms of -the Newtonian 
paradigm came from men who were not trained to bd*physical 
scientists. 
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8.2.4 The Nineteenth Century. 
a). The Wave Model. The Newtonian paradigm was challenged 
in the early nineteenth century by Thomas Young, an English 
linguist, physician and physiologist. Not being a physicist, 
he was not tied to the Newtonian paradigm, and therefore was 
more free to propose divergent explanations for the problems 
which the corpuscular model failed to solve (Ronchi, 1970), 
In his now famous double-slit experiments, performed 
between 1802 and 1804 he showed that the patterns of inter- 
ference observed could be interpreted by assuming a trans- 
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versal wave model, while they were incompntible with n 
corpuscular one, lie was also nble to measure the wave- 
lengths associated with different colours, from his initinl 
theoretical supposition, 
Young's results, supporting a wave model of light 
propagation, were received with hostility by the British 
scientific establishment, strongly committed to the Newtonian 
paradigms in optics and mechanics (Ronchi, 1970; Bernnl, 1973)o 
One of his articles was not accepted by any periodical, and 
he was forced to publish it himself, as a pamphlet, To the 
accusation that he had been too critical of Newton's ideas 
and experiments, presuming errors that a man like Newton 
could never have made, he answered: 
"But rmch as I venerate the name of Newton, I am not therefore obliged to believe that he ums infallible*" 
(Young, quoted in Ronchi, 1970, p. 240) 
Young's views, however, started to be considered in a 
different light after Fresnel's wave theory was accepted 
in France in the late 18101s. FresnxI, like Young, was not 
a physicist by training and spent the first*tcn years of his 
professional life as a civil engineer involved in road con- 
struction (Ronchi, 1970). His theor;. -" . applying a mathe- 
matical wave model to the phenomenon of diffraction were 
received in a more supportive way by French academics, That 
is not to say that all of them were easily converted, and 
actually some important scientists like Poisson and Biot 
remained attached to the corpuscular model in spite of 
Fresnells, successes. The support he received from other 
members of the community, such as Arago, was enough for his 
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vicws to be discussed and to be considered as plnusible 
alternatives to the corpuscular theory, 
The successes of Young and Frcsncl's wave theories 
in dealing with diffraction of light, coupled with the 
determination of the velocity of light in liquids in the 
middle of the nl'nctccnt)i century (found to be less than 
in air and therefore contrary to Newton's assumption), led 
to the substitution of the wave model for the particle once 
The wave model of light became the paradigm accepted 
during the second half of the last century. Maxwell's 
theoretical synthesis, which integrated light, electricity 
and magnetism in a common wave theory, and 11crtz's cxpcri- 
mental work, consolidated the new paradigm. Light appeared 
to be definitely cxplaincd as a part of the electromagnetic 
spectrum, able to scnsibilizc the normal human eye, with 
wavelengths ranging approximately from 4X 10-7M to 7X 10--7M. 
In this model the sensation of different colours is asso- 
ciated with different wavelengths* 
b) Colour Vision. Newton's approach to the problem of 
colour was strongly critisized by Goethe in a book published 
in 1810. fie was a writer and a poet, and a well known re- 
presentative of the Romantic School in literaturet which 
had links with the German Natural Philosophy movement. The 
latter defended the search of great unifying principles 
which could provide a picture of nature in its wholeness, 
instead of the analysis of natural phenomena in pontrived 
laboratory experiments. It is agreed that this movement 
was influential in the formulation of the principle of 
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conservation of energy (Rnman, 197S). 
For Goethe, the Newtonian approach to the study of 
natural phenomena, postulating a neutral observor as part 
of an observer-observable duality was not acceptable. He 
argued that man is part of nature, and in observing nature, 
nature is observing itself, and that the more direct the 
observation, the closer to the truth (Bouma, 1971). There- 
fore, if white light appears to our consciousness as a simple 
and unique sensation, it must be considered as a simple and 
unique cntityp the spectrum of colours, resulting from the 
effect of the prism on pure light. Moreover, nrpucd Gocthct 
colour is a subjective idea, which can be imagined even with 
closed eyes, and therefore could not be characterized by 
rcfrangibilitics as Newton did* 
Coming from literary, rather than scientific quarters, 
Goethe's ideas were not well received by the scientific 
community, which considered them as a return to a sort of 
subjectivism that science had. bccn liberated from (Ronchi, 
1970)9 
A morel'scientific"approach was presented by Young who 
advanced a trichromatic hypothesis, according to which 
colour vision was explained by considering the existence 
of retinal receptors with different sensitivity to different 
wavelenj+i%s. He postulated that. these receptors were 
basically sensitive to wavelengths corresponding to the 
red, green and blue colours. According to his theory a 
yellow perception was assumed to result from the simul- 
taneous stimulation of the "red" and "green" receptors, the 
equal stimulation of the three types of receptors resulting 
fromthe sensation of white (Bouma, 1971), 
In summary, Young transferred to the eye the results 
of experiments of additive colour mixing, which arc todny 
common in school science, At this point, argues Ronchi (1970), 
the phenomenon of colours started to be shifted from the 
domain of physics to the domain of physiology* 
Young's trichromatic theory of colour vision was ignored 
for almost fifty years before being adopted and developed 
by Helmholtz and his collaborators, mainly in its mathematical 
and experimental aspects. The theory became known as the 
Young-Ifelmholtz theory and constituted a guide for research 
until recently (Padgham and Saunders, 1975). That is not to 
say, however, that it did not have its critics* 
The criticisms to the theory came both from the areas 
of physiology and psychology. The former was based on the 
lack (until recently) of evidence to support the three 
retinal detectors; on the psychological side, it was difficult 
to reconcile the theory with the fact that four colour sen- 
sations are actually-experienced and qualitatively distinguished - 
red, yellow, green and blue (Padg)=, and Saunders, 197S). 
For instancel although the mixing of green and blue lights 
produce a sensation which can be rightly described as blucish- 
green, the mixing of red and green light produces a sensation 
of yellow, which cannot be described as reddish-green* 
In order to accommodate these facts a psychologically 
orientedthcory was proposed by 11cring in 1870 which considered 
four primary colours (experienced by the observer as a single 
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sensation): red, green, blue and yellow. According to the 
theory the basic feature of colour vision is three opposing 
process, a rcd-grccn, a ycllow-bluc and a whitc-black. These 
proccssesarc in equilibrium, but they can be displaced by 
the action of light, lcading to the combination between 
colours of different pairs, but not of the samc pair; thus 
the theory is known as "Opponent Colour Theory" (Bouma, 1971)o 
It explains, for instancc, why rcd-yellowish sensations are 
possible, but not rcddish-grcen ones, The theory, however, 
was complicated for explaining the laws of additive colour 
mixing* 
8.2.5 The Twentieth Cen 
a) Wave-Particle Dual The wave model of electromagnetic 
radiation was shaken by Einstein's interpretation of the 
photoelectric effect in 1905, experimentally confirmed later 
by Millikan in 1916 and Compton in 1923. According to that 
interpretation, light is supposed to consist of photons, a 
corpuscular-like entity, with different colours being asso- 
ciated with photons of different energy* 
The most popular position among modern physicists is to 
accept the so-called wave-particle duality as expressed in 
the quantum mechanics paradigm; they being complementary 
ways of describing the physical world. The apparent contra- 
diction between the two models lies, not in nature itself, 
but in the limitations of our conceptual apparatus which is 
only able to model, visually, the processes 'involved in the 
phenomena described above by using either a wave or a part- 
icle model. Mathematically, the descriptions can be related, 
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with the energy of photons being expressed in terms of 
wavelengths (or frequencies) of-thc corresponding radintion. 
The choice of the model to be used depends on flio expcrimcntal 
situation Involved, 
b) Colour'. As far as the specific problem of colour Is 
concerned, basic research moved from the field of physics 
to the field of physiology and psychology. Physicists will 
rather conceptualize their problems in terms of wavelengths 
or photon energies, than in terms of colours. 
The physical problem of measurement of colour was 
practically solved in 1931, with the CIE (Commission Inter- 
nationale de l'tclairage) definition of a standard observer 
and three standard illuminants and standard primary 
(Edwards, 1975). It has been accepted, since the 
mid-nineteenth century, that any three colours (and not 
only red, green and blue) can be combined to match any 
colour of the spectrum, provided that the three 'primaries 
chosen are mutually independent (one of them cannot be 
matched by combining the other two). it is interesting 
to note that the three C-3"%. L&c chosen as primaries by 
the CIE are not part of the visible spectrum (Feynman, Leighton 
andSands (1963). 
The problem of colour vision, however, is still an 
open one, and the field was for a long time divided between 
modern versions of physically oriented Young-Helmholtz 
trichromatic theory and modern versions of the psychologically 
oriented Hering's opponent colour theory (Padhgan and Saunders, 
1975). In the middle ground a compromise between the two 
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approaches cmcrgcd in the so-called zone thcory (Rdwnrds, 
1975). According to it, the Young-11clmholtz' theory Is 
applicable as far as the analysis of the absorption of 
light by photorcccptors in the retina is considered. Al- 
though the process is not yet completely explained, there 
is- some photochemical evidence which seems to support 
Young's hypothesis of receptors more sensitive to the redo 
green and blue spectral regions. In a second stage, these 
inputs arc codcd on their way to the brain* This coding 
seems to be better explained by assuming a pattern similar 
to the one suggested by 11cringe 
The situation is such as if the two models have been 
vindicated in relation to two different functions (the 
reception of electromagnetic radiation in the retina and 
the sensation of colours). -The details of the links between 
the two stages is, however, a problem of which very little 
is known (Open University, 1981). 
8.3 Children's Science 
The most remarkable aspect of children's alternative 
conceptions of light and some associated phenomena like 
colour, is the reduced amount of published research, mainly 
when compared with more explored. areas as mechanics and heat. 
This lack of research becomes more surprising when it is 
considered that vision is the channel through which the 
majority of. people acquirei-from an early age, most of the 
information about the physical world, 
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In my literature survey I was able to find only three 
papers on the theme, which arc reviewed bclowe 
Guesne (1978) interviewed a sample of about 20 children 
(ages 13-14 years) of a French secondary schooll ranging 
from the lowest to the highest ability levels, The inter- 
views concentrated on aspects related to the mechanisms of 
seeing, intrinsic properties of light (e. g. retilinear 
trajectory propagation in space, intensity), interaction 
of light with opaque objects (e. g. mirror, shect of paper) 
and the action of a lens on light. 
According to the results a typical interviewee can be 
portrayed as: 
"he sees objects because they are lit and because his eyes have then the. powcr to 'sea'; coming from the source, light 'settles' on the object and the eyes collect information from over there. His model of vision is coherent with the model he has of light and the latter can explain the former-,, light means intense light, something dazzling or illuminating, ubereas no violent feeling is lirdwd to vision. 7be child cannot think he is receiving something (light) in his eyes, if he does not imagine that light could exist outside any perceptible effect, consciously. discerned". 
(Wesne, 1978, p. 265) 
Guesne observes that in the children's answers there 
was a noticeable sense of activity - it was they who searched 
visually for the observed light. She points out that this 
idea is close to Platonic and Pytho-gorean theories. of 
vision which assumed a power emanating from the eyes (Section 
8.2.1). She also comments on the fact that the everyday 
language tends to reinforce the idea of an active eye and 
a passive object (e. g. "the eye examines"). 
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Stead and Osborne (1979) explored New Zcnlnnd science 
students' conceptions related to light, such as trinsmission, 
sources and reflectors and visioneIn the first stage the 
Interview About Instances method (Osborne and Gilbert, 1980) 
was used to interview 36 students (9-16 years), none of which 
had studied light in the previous 12 months, if at all. Al- 
though some students presented, in analysing some of the 
instances, a concept close to the scientific one, others 
simply did not conceive light as travelling at all, and for 
others the distance travelled varied between one mcter and 
infinite. Those differences seemed not to be age related 
in the sample. 
The categories in which students' conceptions were 
classified as a result of the interviews were used to guide 
the construction of a multiple choice test (the possible 
answers were matched to the four major categories) and the 
test administered to 144 Form 2 students. In general, a 
higher percentage of students chose the "non-scientific" 
answers, with the percentage choosing each category depend- 
ing on if the example involved a situation in day light or 
night. At least one half of the sample held the idea that 
light did not travel away from the source or reflector in 
the daytime. In this case it is reasonable to suppose that 
they will attribute an active role for the eye as described 
by Guesnee 
A slightly revised version of the test was sent to 
volunteer teachers in widely spread New Zealand schools and 
administered to 23S Form 3 students who had recently studied 
a unit on light. The pattern of responses was basically 
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similar to those obtnined in the first application of the 
tcst 9 
According to the authors of the report "both the 
qualitative and quantitative method produced evidence that 
many students of different ages, and with different amotints 
of formal tuition on light, did not see light as travelling 
far from a source or reflector during the day. Most students 
saw light as travelling further at night. Few students had 
a concept of light travelling that matched the scientific 
concept and that was constant over all the ten instances"t 
The fact that Form 3 students, who had received formal 
teaching on light, presented concepts of light travelling 
similar to those of Form 2 students, who had not received 
formal teaching on light, led Stead and Osborne to conclude 
that the teaching had not significantly moved the students' 
concepts towards the scientific one, probably because 
teachers had, incorrectly, assumed that their students, 
believed that light travels great distancest and no teaching 
was specifically directed at this aspects 
Jung (1981) describes his investigations of children's 
understanding of virtual image. In a pilot study students 
(ages 13-14 years) who had been taught elementary optics, 
as image formation by mirrors, were asked to observe a 
distant light source through a double slit, and to report 
and explain what they saw* 
Although he did not expect an explanation in terms 
of patterns of interference, he hoped for an application 
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of the scientific framework of image formation previously 
taught, More than 50% of the students (total number not 
presented) reported that they saw the source of light 
radiating sideways and "only one boy was able to trace 
the phcnomcnoncorrcctly back to a deflecting influence 
of the Iscrccnl, as they called the double slit"s 
The "sideways radiation" is an interesting inter- 
pretation, which supports the interpretative nature of 
sensations. I find it difficult to understand why Jung 
expected the children to explain the phenomenon in terms 
of image formation and why he thinks that to trace the 
information back to the deflecting influence of the double 
slit is correct from the physical (scientific in his 
terminology) point of view. Image formation is usually 
explained, for the age group considcrcdy in terms of the 
geometry of retilinear propagation of rays of light, 
assuming at least implicitly a corpuscular model, and 
the double slit observations can only be explained by a 
-wave model, as firstly done by Young. 
More acceptable are Jung's investigations with 
mirrors, in which more than 901 of a sample (total number 
not presented) of 12 year-old boys located their images 
on the surface of a mirror and not behind it because no 
light passes through the mirror and therefore one cannot 
see behind it. Even the majority*of older children (ages 
14-1S years) is reported by Jung to hold a similar view, 
Another widely expressed view detected by Jung was 
that a bright spot can be seen in a mirror whatever the 
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position of the observer (as far as he is not behind it), 
the justification being that although the light is reflected, 
it is always lying on the mirror surfncee 
As it can be seen, the area of children's conceptions 
about light is still an unexplored ground and conceptions 
about some important phenomena have not been investigated 
at all. In none of the studies that I have rcvicwcdisany 
investigation about children's conceptions of colour 
reported* 
It seems reasonable, for instance, to suppose, as Jung 
does, in the beginning of his paper, that people tend to 
consider that what is perceived as "a given in itself, i-c, 
something that cxists in its oum right irrespective of the 
fact of being pcrceivcd". If this idea is extrapolated to 
colour vision, colour is likely to be considered as something 
that an object possesses, as an intrinsic quality. As it 
was seen (Section 8.2-1) this conception was held by 
Aristotle and accepted throughout the Middle Ages. It is not 
difficult to imagine how contradictory with this conception, 
the usual curricular experiments of colour subtractive mixing 
can be. 
It can also be speculated that for children, in general, 
and for most adults- white light is light in its purest 
state, which is transformed when passing through some media, 
such as prisms and transparent colourcd objects. This was 
a common view before Newton's theory of light (Section 8.2.3). 
ind, after all, white is a symbol of purity and goodness (e. g. 
wedding dress). According to this hypothesis, school children 
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will tend to explain the school science demonstrntion in- 
volving a projector and colourcd filters by assuming that 
a filter adds its colour to white light. For holders of 
such an alternative conception n red filter would look red, 
not because wavelengths (or photons) corresponding to 
other colours have been absorbed by the dye, but because 
the filter transmitted its redness to the pure lightp The 
possibility of this alternative framework is speculated on 
in the Revised NufficId-Physics Curriculum (Section 8.4.3)o 
In order to test this -speculationa study was conducted 
by myself and Mr. D. M. Watts in which 146 pupils at the end 
of their third-year (i. e. aged 13-14) were asked to observe 
a demonstration of light passing through coloured slidest 
and explain (in writing) why they saw a coloured light when v the slide was kept in front of the torch. 
A preliminary analysis of the answers showed that 
nearly half of. the sample gave explanations according to 
which the slide "changes" the ordinary light (white) into 
c6loured light. About 70% of those children did not 
explicitate the process of transformation, e. g.: 
"It is red because the light has hit the red slide and come on red because the light changes. " 
The other 30% of this group (: 15% of total sample) 
described the colouring process as hypothesized. Some 
answers of this group: 
"All the slide does is colour the light, chany, %; the colour- less ubite light to red. " 
and 
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"Mien you shine a torch through a piece of, glnss the light you see is clear. Then when you cover the torch with a red slide a red light n pcars. It is because the red slide sort of in a umy dyes tFc light rays and lets out a heam of red light. " 
About 13% of the children answered in terms of a pro- 
j ectiofi mcchan ism - In this case, it is not so much thnt the 
light is transformed but that it makes the colour to come 
out of the slide, e. g.: 
"Because the light shines through the slide, which is red, and the colour of the slide is projccted along with the light of the torch. " 
and 
"Ibe light shincs through the red slide and it projects the colour onto the scrccn. 11 
Near 30% of the sample answered in a quite non-commital 
way of the sort: 
"Because the beam of light is going through a red slide. " 
This sort of answer did not tell very much about the 
conceptions held by the children. 1n an interview the 
pupils could be probed further and it is likely that a 
number will come out with answers which could be fitted 
in one of the frameworks described above. It can also be 
specul, ated that at least some of the children who said that 
the white light "changes" when passing through the slide, 
without expliciting the process, if asked to elaborate their 
views, would advance the mechanism of the whitelight being 
11coloured! 1by the-slide. Further investigation on the issue 
is needed, but the results described support the view that 
for most of the children the ideas of the composite nature 
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of light and of filtering processes are strange to their 
more intuitive explanations, 
Children's previous experience with paints (common 
in primary schools) can also interfere with their under- 
standing of the mixing of coloured light experienced late 
in the secondary school. I would expect them to be puzzled 
by the fact that a mixture of red, grccn and blue lights 
is white (they will possibly see black as the natural result) 
and that yellow results from the combination of red and 
green light. I would scc Hering's psychological model 
(Section 8,2.4) as more compatible with their conceptions* 
8.4 Curricular Science 
8.4,1 The S_q_qucncc of Presentation. In the four textbooks 
analysed in this study (see 7.2) thcre is a chapter in which 
the topic "light and colour" is discussed. Since the topic 
is treated in different places in the texts, a summary of 
the context in which the phenomenon is considered is necessary 
in order to put the matter in perspective. 
Abbot's Ordinary Level Physics deals with the problem of 
colour in "Chapter 25 - Dispersion and Colour", which is 
placed at the end of the Optics unit in the book* The four 
previous chapters in this unit are concerned with geometrical 
optics only, and the physical nature of light is not dis- 
cussed. In Chapter 25 the phenomenon of dispersion is pre- 
sented as a consequence of the fact that "different colours" 
have different refraction indices, and the treatment is 
purely geometrical. The relation between colour and wave- 
length is introduced in the following chapter, In which 
waves are discussed. Light is then explained as being of 
an undulatory nature and part of the electromagnetic spectrum. 
Some properties of light explainable by a wave-model (e. g. 
interference and diffraction) are discussed. The photo- 
electric effect is mentioned in Chapter 4S, in the Atomic 
and Nuclear Physics unit of the book, but the challenge 
presented to the wave model by Einstein's interpretation 
of the effect is not discussed. In this sequence of pre- 
sentation the wave model of light is privileged, as it was 
in the nineteenth century paradigm. 
Nelkon's CSE__Physics also introduces the topic at the end 
of the Optics unitq which consists of seven chapters. 
"Chapter 20 - Colours of Light - The Spectrum" is the sixth 
in the unit, which, like in Abbotts, presents a mainly 
geometrical treatment of light, Differently to Abbot, how- 
ever, geometrical optics is preceded by a chapter on I%Uvcs 
in which the idea that light is an electromagnetic wave is 
introduced. The model is not used in the further sections 
and even in the chapter on colour, the relation between 
colour and wavelength is not explicitly presented. The 
particle model of light and the photoelectric effect are 
not discussed in the book. Again, as in Abbot's the wave 
model is privileged* 
Jardine's Nat Phil treats light, initially in "Chapter 2- 
Light and Sight", which is part of a unit in wave motion, 
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the first of Nat Phil 3*, The phenomenon of colour is 
discussed in a section of this chapter from the perspective 
of a wave model. Light is revisited in Nat Phil S, in a 
unit that is basically concerned with the wavc-particle 
duality and models of light, but colour is not specifically 
treated. The treatment in Nat Phil S is illustrated with 
some examples from history. Some Greek theories of light 
are mentioned and-the wave particle controversy in'thc 
seventeenth century considered. These issues, hoticver, 
are only discussed in Nat Phil 5, and therefore pupils not 
pursuing physics up to Scottish 11 Grade will onky have been 
presented to the wave model, 
Revised Nuffield Physics 'introduces the topic colour in 
"Chapter 3- Light and Colour" of Year 3. This chapter 
follows one in geometrical optics; and although the first 
chapter of the text deals with waves, colour is treated 
without reference to models of light. At the end of Chapter 
3, an optional introduction to the wave and particle theories 
of light is presented. The theme is considered again in 
Year 5, in which the wave model of light is developed and 
contrasted with the photon theory in Chapter 11. As in 
Jardine's text, the idea of "models" and the illustration 
of their role in physics, by using theories of light, is 
a central concern in the late stages of the course. 
Although the general context in which Light is con- 
*Nat Phil curricular consists of a series of three books. Nat Phil 3 is the first of the series* Nat Phil 3 and 4 cover the 0 Grade of the Scottish syllabus, and Nat Phil S the H Grade. 
sidered varies in the texts analysed - for Nuffield and 
Jardine the role of models in physics is basic, wherens 
Abbot and Nelkon do not consider that aspect - the sections 
dealing specifically with colour have very much in common. 
The topic is treated without strict adherence to any model. 
This commonality is reflected in the fact that the pattern 
of presentation is similar, for the chapter devoted to colour, 
in all the texts. Some aspects of that pattern of presentation 
are discussed next* 
8.4.2 Newton's Experiments With Prisms. All the four texts 
introduce the topic by referring to the phenomenon of dis- 
persion and Newton's experiments with prisms are discussed. 
In general Newton's contribution is presented a-historically, 
He is considered to be the first to have investigated the 
issue in a serious way. 
Abbot's O-Level Physics, states that the phenomenon of colours 
appearing when white light passes through fragments of glass 
was known for centuries, but u-as mt. investigated systematically 
until Newton. It is correctly pointed out that Newton's 
interest in removing the chromatic abberation from telescopic 
lenses directed his attention to the problem, 
The primacy of Newton's work is also stressed in 
Nelkon's CSE Physics: 
"The prism experiment outlined here unas first performed by Sir Isaac Newton in Cambridge in 1666.11 
(p. 334) 
B-31 
6 in Jardine's Nat Phil So 
"In 1666 Newton discovered that when a shaft of sun light passed through a prism it produced the samc r.,. inpc of colours. 11 
(p. 12 8) 
and in Rcviscd Nufficld__Phyýics Ycar 3: 
"that (dispersion) must have bccn sccn but Newton about it-" 
90 Emphasis added) 
In none of thebooks, Newton's predecessors in the study 
of this particular phenomenon are mentioned (Section 9'. 2.2)9 
The idea transmitted is that Newton was the first scientist 
to devote himself to the problem, a point that Newton himself 
makes clear he was notlin the presentation of his paper 
to the Royal Society, by stating: 
It*** I procured me a Triangular glass-Prisme to try there- with the celebrated Phaenomena of colours. " 
(quoted by Ronchi, 1970, ps 160) 
On the other hand, the textbooks analysed do not stress 
the real novelty provided by Newton, which was his inter- 
pretation of the phenomenon in terms of composite nature 
of the solar rays. The revolutionary character of that 
notion, in Newton's times, is not discussed. The results 
of the study conducted by myself and D. M. Watts, described 
in Section 8.3,, suggest that for a number of pupils this can 
be a revolutionary notion as well, 
The phenomenon of dispersion of light is explained 
in all the textbooks with reference to different indices 
of -refraction of "different colours", leading therefore to 
the formation of the spectrum. This form of prcscntntion of 
the prism experiments can lend to the idcn that the rays 
which compose the white light arc themselves coloured. 
The "post-office" analogy presented in Revised Nuffield 
Physics can serve as an example: 
"Ile (Newton) u-anted to show that a prism is not n colour factory that manufnctures lots of colour but only n colour-sorter-like the sorting office for lcttcrs in the post officc. 11 
(Rcvised Mifficld Physics, Pupils' Text, Year 3, p*91) 
To talk about the 11colours of white light" or to 
refer to the "sorting out" effect of the prism is of common 
usage even among scientists. Newton himslelf used this sort 
of terminology, and certainly it is easier to say simply 
"green light" when meaning "wavelengths (or photon energies) 
which induce the sensation of green". The problem is that 
in none of the texts it is clearly mentioned that colour 
is a sensation, and that the rays are not coloured in them- 
selves* 
8.4.3 The Mixing of Colours. After demonstrating that 
white light is composed by sevcn"Colours" (red, orange, 
yeklow, green, blue, indigo, violet), this knowledge is 
applied to explain results derived from experiments on 
additive and subtractive colour mixing. The presentation 
is centered around the aspects discussed below, 
Colour of objects: This is explained in terms of absorption 
and reflection of different "colours of white light". 
According to this explanation a whitc light looks white 
because it reflects all colours and a black object absorbs 
them all; a red object rcflccts only red light, and so on. 
In none of the books examined the idea of photons being 
absorbed or reflected is mentioned, This sort of explanation 
can be in contradiction with a possible alternative concept- 
ion held by children according to which colours, are inherent 
properties of objects (Section 8.3)e 
Primary and secondary colours: Expcriments with colour 
filters and projectors are discussed in order to present the 
idea that white and other different colours can be composed 
by using red, bluc and green coloured. lights. The colours 
obtained by their combination are referred to -as the secondary 
colours, yellow, cyan and magenta (Jardine prefers to use 
turquoise instead of cyan). The combinations are illustrated 
by diagrams and colour equations (Fig. 8.1)o 
Red + Green an Yellow Red + Blue Magenta Blue + Green Cyan 
From Abbotl. s O-Level Physics 
RED 
A Magenta elkm 
wo4sTE 
BLUE Cyan [ucHisi 
rWE7E7N 
ADDITION 
From Revised Nuffield Physics 
From Nelkan's CSE Physics Additivt colour rnis; ng 
Fig-. 8.1 Additive Colour Mixing 
It is not stressed, however, that a larger vnriety 
of hues can be obtained by varying the relative amount of 
each primary. The fact that any set of-three mutually 
independent colours can act as primary colours is not 
mentioned* 
Only Revised Nufficld Physics mentions explicitly 
the fact that what is usually referred to as blue, in terms 
of primary colour lights, is in reality a saturated blue, 
almost violet, corresponding to one of the extremes of 
the visible spectrum The text in question calls it "true 
blue", and states that what is normally called blue in 
everyday language, is what, in the context of additivc 
coloured light demonstration, is defined as thc secondary 
colour cyane 
The distinction described above may be -seen-;. a: ý '. i--first 
look, as complicating the matter, but due to it Reviised 
Nuffield Physics is the only text among the ones examined 
to offer an acceptable explanation for the fact that the 
mixing of yellow and blue paints produces a green hue. This 
is a well known fact for secondary school children, and 
the standard example in textbooks for introducing the idea 
0 of subtractive mixing of colours iin pigments* 
The explanation presented by Revised Nuffield Physics, 
is internally coherent: what is being mixed in the case of 
paints is actually yellow and cyan, and since the first 
reflects green and red, and the second reflects green and 
blue, the only reflected colour is green* The solution 
presented by Jardine's Nat Phil 3 is similar in spirit, since 
in it, turquoise and yellow paints produce green when mixed, 
but it has the weakness of calling turquoise what children 
normally know as blueo 
On the other hand the solution proposed by Abbot'. 14; 
O-Level Physics and Nelkon's CSE Phyý. tqs lacks coherence* 
Since they have not distinguished between the blue in paints 
(cyan for Nuffield) and the primary blue light ("true blue" 
for Nuffield), the case has to be explained by stating that 
the blue paint is actually not pure blue, but also reflects 
green, The explanation is confused, contradicting previous 
statements, as the following quotation illustrates: 
"Although the mixing of blue and yellow lights creates whiteness, the mixture of blue and yellow pýgmcnts (paints) produces a green. This is because the results oýEaint mixture arc due s to a subtractive process. Blue paint a sorbs all light except blue and green. Yellow paints absorb all light except yellow, orange and green. The only light reflected by both yellow and blue pigments is green, and this is the resulting colour seen. " 
(Nelkon's CSE Physics# p. 340) 
But, according to what has been previously stated in the 
same textv the result of green and blue light is cyan and 
therefore it is contradictory to state now that blue paint 
reflects green and blue, unless the blue of "blue paint" is 
different from the blue of "blue primary light colour". 
Filters: A basic apparatus for colour experiments with light 
in school science is the projector with coloured filters. 
Abbot's O-Level Physics, Nell-on's CSE Physics and Jardine's 
Nat Phil 3 assume that a colour filter is understood by 
pupils as absorbing some colou-rs and letting others through. 
Only Revised Nuffield Physics takes into account the possi- 
bility that school children can have an alternative framework, 
according to which the filter adds its colour to the white 
light, and the point is cxplnined by using nn annlogy: 
"Some red dye has been melted into the plnstice Does that dye paint all parts of the spectrum red or does it just cut out other colours and leave only t1c red thnt was nlw. iys there in the white light? Is it n 'colour-ADDERI or a 'colour-SUBM%CrORI? 
My is your shcct, of red plastic called n 'filter'? Miat do filters do in coffee michincs, chemical experiments, or public water supplies? Wint does a scratchfiltcr do in n record player? 
Revised Nkiffield MXsics, Pupils' Text Year 3. n. 931 car 3, p. 93) 
8.4.4 Colour Vision. The issue of colour vision is treated 
explicitly only in two of the texts examined - Nclkon's CSE 
Physics and Jardine's Nat Phil 3e In the first, an explana- 
tion based on the Young-Holmholtz tichromatic theory is 
presented. The fact, however, that this physlically-based 
explanation has been since the beginning contested by 
proponents of psychologically-bascd theories is not commented 
upon. In the second text it is pointed out that colour vision 
is a complex phenomenon which depends not only on the nature 
of the light entering the eyes but also on psychological and 
physiological factors. His presentation concentrates on some 
examples in which colour perception is altered by the ef`fect 
of past experience and background illumination. In spi-te of 
11 stressing some psychological components of colour vision, 
Jardine does not mention the fact that the actual 
mechanism of colour vision isp%still-today, a matter of 
research* - 
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8.5 Discussion 
This section is aimed at the discussion of some nspccts 
of the curricular treatment of the topic under analysis, 
These although already mcntioncd, deserve furthcr commcnts. 
The discussion also intends to illustrate how a consideration 
of "scicntists'scicncc" and "children's science" can inform 
the analysis of "curricular science". 
8.5.1 Historical Treatment. The historical (or rather 
a-historical) treatment of the topic has been criticized 
in connection with the presentation of Newton's works with 
prisms. The tcxtsanalysed, even the historically illustrated 
Jardine's Nat Phi. 1, seem to be mainly concerned with stressing 
the untrue notion that Newton was the first to seriously 
study the production of colours by prisms. On the other hand, 
they do not sufficiently point out his real contribution - 
the analysis of white light in its components, and the final 
integration between light and colour, 
From a constructivist point of view, in this particular 
case, this treatment is detrimental to teaching. As was 
suggested, a significant number of children do hold the 
conception that white light is pure light. A respectful 
treatment of pre-seventecnth century theories could indicate 
to the children (and to teachers) that their explanations 
("children's science") were once similar to the accepted 
ones ("scientists'-science"), A behaviourist would perhaps 
argue that such an approach would reinforce "wrong" conccp- 
tions. As a constructivist I prefer to entertain the iden 
that what will be reinforced are the pupils' awareness and 
confidence in their power of construction. The Newtoninn 
explanation can then be introduced as n different way of 
constructing the same phenomenon. 
But if science presents instances in which conceptual 
frameworks arc radically changed (rovolutions) it n1so 
presents periods during which constructions are adhered. to 
(normal scicncc)4o In this case too the curricular treatment 
fails to treat history appropriately* Apart from a brief 
hint in Jardincls Nat Phil S, no reference is made in the 
texts examined, to the fact that, in spite of its inadequncicsp 
the Newtonian optical paradigm dominated the field during 
about one hundred years. This fact could be used to illustrate 
the almost dogmatic character of normal science and the idea 
that scicntists will adhcrc to paradigms, which although 
successful in some aspccts, will still have to be vindicated 
in others. It could also be used to illustratc the notion 
that experiments (even in science) are interpreted and 
construed from the point of theoretical frameworks. These 
two points are, however, contrary to the empiricist view 
which characterizes "curricular science": scientific knowledge 
is supposed to be based exclusively on neutral experimental 
evidence. 
8.5.2 Classification-of Know The theoretical notion of 
"classification", introduced by Bernstein (197S) is clearly 
exemplified in the textbooks' presentation of light and colour. 
"Classificat-ion'l-refers. to the strength of boundaries between 
educational subjects, and the presentation of the phenomenon 
of colour in the textbooks examined can be regarded as showing 
a strong "classification". Colour, which in the end is n 
sensation, is treated mostly as a purely physical phenomenon. 
Abbot's O-Lcvcl Pllys_i_cs and Revised Nuffield Ph do not 
treat colour vision, and the limitations of the treatment 
presented in the other two texts had been pointed at in 
Section 8.4.4. This limited treatment can be explained by 
the fact that research on colour has shifted from the field 
of physics to the field of physiology and psychology - modern 
physicists prefer to talk in term of "colourless" radiation 
and its associated wavelengths and photonic encrgiess There- 
fore colour vision is regarded by curriculum developers and 
textbook writers as a topic to be treated in biology and not 
in physics* 
The limitations introduced by the strong "classification" 
of knowledge are evident in the present case: by treating 
colour from a physical point of view, its sensorial nature 
is not stressed (e. g. the textbooks convey the idea that the 
waves and photons themselves are colourcd (see 8.4.2)). 
Furthermore, the impression is left that colour had been 
successfully explained in terms of physical theories. As 
it has been argued, this is true for "colourless" radiationg 
butý. in treating colour,. the boundaries between subjects must 
be necessarily broken. As Feynman, a Nobel Prize physicist, 
rightly recognizes: 
"The phenomenon of colors depends partly on the r2iysical uorld* We discuss the color of sonp films and so on as being produced by interferencq.. -But also, of course, it ýepends on the eye, or ufiat happens bbbind the eye, in the brain, Physics character- izes the light that enters the eye, but after that, our sensa- tions are the result of photochemical-ncurn. 1 processes and psychological responses. There are many interesting phenomena associated with vision ui-iich involve a mixture of physical phenomena and physiological 
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processes, and the full apprecintion of n. -itural phenonvin, as we see them, rust go beyond physics in the ustLil sense. We make no apologies for miking these excursions into other fields, because the scparation of fields, as ve Ivive emplva- sized, is merely a him-m convenience, and an unnatural thinge Nature is not interested in our separations, and miny of the interesting phenomena bridge the gaps bcosven fields. " 
(Fey=-in, Leighton and S. -uids, 1963tp. 35-1) 
8.6 Summary 
In this chapter I have presented: 
1) An historical overview of the development of concept- 
ions concerning the nature of light and colour ("Scientists' 
Science"). 
2) A review of the literature on alternative conceptions 
about light and colour ("Children's Science"). Some results 
of research carried out by myself (and M, D, Watts) were also 
included* 
3) An analysis of textbooks' presentation of the topic 
of "Light and Colour" ("Curricular Science"). 
It is shown with the use. of examples from these reviews 
and analysisl that: 
a) There are aspects in which it can be suggested that 
"children's science" parallels ancient conceptions* 
b) There are aspects of "children's science" that arc 
not in general taken into account in the curricular presen- 
tations (e. g. colour as. a quality of objects; white light as 
"pure" light; the nature of colour filtering). Only one of 
the materials (Revised Nuffield Physics) considers the possi- 
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bility of children's alternative conceptions about filteringo 
c) The curricular treatment of light , and colour is 
faulty from an historical point of view. It was argued that 
this can be dctrimcntcd to teaching from a constructivist 
perspective. It also conveys a superseded view of the 
nature of scientific knowledge,, 
d) The curricular treatment of colour presents a strong 
"classification" which limits the explanation of colour vision* 
c) only one of the materials (Revised Nuffield Physics) 
provides a satisfactory cxplanation for colour mixingo The 
explanation presented in two of the textbooks, lacks internal 
coherence by failing to take into account the difference 
between the curricular and -everyday lanrunge use of the word 
"blue" 
CHAPTER NINE 
CASE STUDY I: LIGHT AND COLOUR 
(Analysis of a Lesson Extract) 
9. CASE STUDY I: LIGHT AND COLOUR (AnnlZsis of n Lesson Ext 
9.1 Introduction 
The lesson extract analysed in this section consists of 
a 30 minutes sequence dealing with additive mixing of colours, 
and it was conducted with the help of a projector and colourcd 
filters. In the previous lessons (not observed) the unit of 
optics was presented following Nclkon's CSE-Phys_ics, which was 
one of the texts the pupils had access to (the other was 
Abbot's O-Level physics). The lesson immediately following 
was the last one dealing with light and during It the pupils 
had the chance to handle some apparatus in a non-structured 
way. They were not supposed to ; report an the task and the 
objective was, as the teacher told me, "to, let them play with 
the equipment" (projector and filters, prism, spectrometer). 
The extract analysed refers to the first half of double 
period lesson. In the second part of the lesson subtractive 
mixing of colours was considered, and the presentation followed 
the pattern criticized as lacking coherence in Section 8.4.3* 
The group observed consisted of 25 pupils (15 boys and 
10 girls) of a fourth-year and the teacher was an experienced 
one (more than 10 years of practice). She had been recently 
appointed head of department and two years before the obser- 
vations had been awarded a M-Ed, in science education. 
The analysis follows the pat I tern already described in 
Section 7.4. Iticonsists basically of-a socio-linguistic 
part following Sinclair and Coulthard scheme (see Appendix I), 
and a series of comments, Both parts are integrated in the 
presentation, with the comments following each identified 
transaction, The transactions are presented in a temporal 
order, and it should be assumed (unless otherwise stated) 
that one follows immediately the other* 
Symbols used: T) Teacher Ss) Various pupils B) Boy . ') A pupil (Non-identified sex) G) Girl NV Non-verbal reaction 
9.2 The An 
TRANSACTION 1 
001 B 
002 E 
Oc 
Fr Fo 0 
. e-. P-l 
-T). OK qkoeee act 001 m 
. we want to look at the combination of colours 002 ms *_if I ask you what the primry colours are?,.,.. 003 el What sort ot answers? ý. 004 p' I can get two different sort of answers always 005 cl 
B). Blue red and yellow A B). Blue B)- Yellow yellow Ss): Red blue and yellow 
act 001 m 002 ms 
006 rep 007 rep 008 rep 009 rep 
004 E0 T) Now 010 M people who are saying red blue and yellow what 
makes you view those as primary colours? Oll el 
A Ss). (NOT AUDIBLE) 012 ). Paints 013 rep 
F T). Yeah 014 e you can mix the coloured paints to give you all the 
other colours ... 015 com 
----------------------------------------------------------------------------------------------- 
.0 
Ti-is an introductory transaction in which the teacher 
shows an awareness of the fact that some pupils tend to think 
on the mixing of colours in terms of Coloured paints. She 
brings that point in scene by*el*icit: *L'ng the idea from the 
pupils in Exclis, 002--to 004. -Although prompting and-clue-ing, 
were needed in Exch 003, the elicitation is unproblematic 
and the teacher can proceed* 
TRANSACTION 2 
005 B Fo T) But today we are more in ... the stage lighting business the disco lighting business and we'll be looking today not at paints to begin with ... but at coloured light ., and try to sort out whatever other special meaning for what we call the primary colours when we're talking about coloured li ht ** 016 ms 006 10 if you're putting .. coloured together like stage lighting then .. the combination that gives us white is what we call theprimarycolours 99* 017 i now .* Z518 m 007 E0 this might come up not only in stage lighting disco lighting 019 s 
where else do we mix-coloured lights? to .. give us 020 el you may not be aware that you're mixing coloured lights but there's another area that takes quite a lot of your time in the course of the day I suspect for some of you where colours are ppt together to give you a whole range of colours 021 cl anybody can tell me? 022 p 
A B). Telly 023 rep 
F T). __Television colour television is what I am thinking of 024 e 008 E0 do you know the three colours that we use in .. colour television? 025 el 
009 
A B). Green 026 rep B). Red blue and green 027 rep 
F T). Red blue and green ... those are the colours used there 028 e Fo and we'll look at red blue and green to give us today coloured lights of red blue and green so if we could 
ese. if we could skip the paints for the moment and iook *at those later 029 ms they are rather mre complicated 030 com and look to begin with at coloured, light and how we can add them up and the effects that we can get 031 ms 
----------------------------------------------------------------------- 
T2 can be regarded as the complement of Tl. Here 
the teacher communicates to the class what would be the 
theme of the lesson: properties of coloured lights instead 
of coloured paints. This is accomplished by two meta- 
statements, --first-in, act-016 and-theft-reinfofted in-aEt. 031. -- 
It is interesting to note that in act 016 the teacher uses a. 
metaphor - "stage lighting business", "disco lighting 
business" - which she created. The reasons by which the 
metaphor was used can only be speculated. It could have 
been used to stress the fact that the lesson will deal 
with light rather than with pigments, helping the students 
to change their mental setting from the latter to the former 
or just to indicate some practical implications of the topic 
to be studied* 
The first teaching exchange of the transaction (Exch 006) 0 
is informative. The definition of primary colours presented 
by the teacher is limited both in terms of "scientists' science" 
and "curricular science", sipce the primary colours can 
generate a wider variety of hues apart from white. The 
information is completed in exchanges 007 and 008, with the 
teacher using the eliciting pattern. The questions are closed 
and factual, and their aim seems to be to involve the group 
in the teacher's line of presentation. This is clear in 
acts 020 and 021, where the possible answers to the question 
(act-020) are restricted by the clue which follows it (act 
021)a 
TRANSACTION 3 
Fo T). Now there will be a slight pause because it takes. a little while to set-this particular lot up 032 ms 0 can I have a stand please? 033 d is the one with some bits on it? .. -oooo 034 ch 0. and my I have the bl ds down please? 035 d 
(PUpils close blinds) 
014 D can you move that table near the back there? 
(Pupils moving the table) (T. mounting apparatus) 2: 50 min 
036 d 
--------------------------------------------------------------- --------------------- 
TRANSACTION 4 
015 
016 
017 
Fo 
0 
T). I'm just setting this can we look at the arraneement s r- . nura 0S0 
. we're using just one projector .. with a sort of triple slide to produce us red green and blue liRhts 
what's the purpose of te mirrors then! can you see this sort of arrangement 
037 z 038 ms '03 D'iiý - 
A B). To reflect the different colours, on to the screen 043 rep 
F T). OK? 044 e we've got .. then a mirror for each colour .. to give us three beams of IiRht onto the screen .. 04S com 018 E and .. how will we shift the be-ams aromU 
B). The screws 
(M-6 el 
047 rep 
F T) . OK? 048 c e if you just turn around the mirrors **we '.. can play with them 049 com 
---------------------------------------------------------------------------------------- 
After presenting a short piece of information concerning 
the apparatus being used (Exch 016). the teacher uses an 
elicitation approach to describe more details about it. The 
follow-up*moves in Exchs 017 and 018 consists not only of 
evaluations but comments (acts 045 and 049) which can be seen 
as informative pieces complementing the answers presented* 
The questions (acts 041 and 045) are closed, and the 
elicitation is unproblematic, allowing for a smooth develop- 
ment of the lesson. 
TRANSACTION 5 
019 B Fr T) . Right 050 m 020 D0. somebody put that slide-in 051 d so that it will .. give us a green beam of light to go over to various places just doun 052 com 
A ). NV OS3 rea 
021 D0 Remember from what you're doing to put it in upside down to get it . 054 d(n) 
A ). NV 
022 D0 T). Now the projector on please 
A ). NV 
055 rea 
056 d 
057 rea 
023 D0 T). Place it so that we put the single red in the bottom and it comes upon the top 058 d(n) 
A ). NV 059 rea 
F -T). We've now just have to do a bit of ... jiggling around all riRht 060 com 024 B Fo you'll be watching to the screen eventually .. UK? this is just our projector system 061 com 
---- --------- --- ---- -- - -------------- ---- ------ --- --- ---- ----- - -- ---- -- - ----- - -------- 
- 
A transaction consisting of straightforward directive 
exchanges involving a boy who is handling the apparatus. The 
directions given consist of physical manipulation of pieces 
of equipment and although the manipulation is done by a pupil, 
the teacher controls verbally the pace and sequence in which 
they are performed. 
TRANSACTION 6 
025 Oth T). I find this projector ... yeah I mean who have designed it .. I can't imagine what really is 062 z we don't want some shadows on the board in this minute .. we can manage without one or two fingers 063 oth 
(Pupils talking between themselves while the teacher tries to set up the apparatus - (40 s)) 
026 Oth T). This is one of these demonstrations that is OK if you've got you know an hour to set it up before the class comes in right 064 z 
(Teacher trying to adjust apparatus (1: 10 min) 
----------------- ---------------------------------------------------------------------- 
T6 can be seen as an "accident" in the sequence planned 
by the teacher. The apparatus failed to work as expected, 
and the teacher is trying to sort out the problem. Acts 062 
and 064 were classified as asides since the teacher seems to 
be talking to herself (or perhaps to the observer) rather 
than to the class. 
Act 063, however, does not fall neatly in any of the 
types proposed by Sinclair and Coulthard. Formally it 
resembles a comment, but its function is really, without 
being explicitly repressive, to show disapproval towards 
one (or more) pupil's action, with the aim to stop it. 
There are no*categories in the scheme to deal with this 
sort of behaviour control employed by teachers, 
TRANSACTION 7 
027 E0 T). Now it's OK 065 z 
. let's get rid of the blue for a minute 066 z Arnold what were we saying we wanted what is our condition for three lights to be primary lights? 
00a00*0000 
028 D 
029 P-I 
030 
A B) . Make white 
067 el (n) 
068 rep 
F T). --They make white 069 e -- 0. so put them all together and see .. what we get 070 d(n) 
A ). NV 
B) . Blue 
F 
A 
071 rea 
072 i 
T). Between them . you're looking at the screen actually 073 com 
" some of us are looking at the screen 074 z 
" Eow am I doing then? U15 eI 
B). Got white B). Yellow B). Yellow 
Ss). (Lau7gh) 
076 rep 077 rep 078 rep 
079 oth 
(T. trying to adjust the colours) (Pupils talking between themselves) 
031 B Fr T). Yeah 080 M Fo that's why these flashy demonstrations I mean I ... wouldn't I don't think personally bought this ... 081 z 44 I'll let you have a double on the Friday afternoon and you can see .. you know what you can do yourselves but 082 ms 
------------------------- 
-------------------------------- ----------- 
The teacher aims to demonstrate to the pupils that the 
mixing of the primary colours give white, but the apparatus 
fails to produce that result. 
The transaction starts with a closed factual question 
(act 067) involving the recall of an information presented 
previously in the lesson (act 017). In a following exchange 
an answer based on observation is required and although one 
pupil gives the theoretically expected answer (act 076), the 
teacher seems to agree with the other two (acts 077 and 078) 
answers. This is evident from the way she "blames" the 
apparatus, and again it is-difficult to say if in act 081 
she is just talking to herself or justifying her position 
to the observer. 
Being unable to produce the desired phenomenon she 
decides to transfer the problem to the next lesson (act 082) 
and to start a different point. The problem, however, would 
have been easily dealt with if the teacher's definition of 
primary ("teachers' science") had been more complete 
(see comment on Transaction 3). 
9-9 
TRANSACTION 8 
032 Oth T). It's ... oh I like it 083 z 
B). Oh she likes it 084 oth 
Ss). (Laugh) 085 oth 
033 D0 T) . Yeah 086 m . let's have some shadows in 087 d 
NV 088 rca 
034 Oth Ss). (Laugh) 089 oth 
B). What's that who's that one? 090 oth 
B). Oh look look at your hands in 091 oth 
------------------------------------------------------ ---------------------------------- 
The attention of the teacher is suddenly caught by the 
shadows produced when one of the pupils puts his hand in 0 
front of the projector, 
Apart from the directive exchange (033) most of the 
acts in this transition do not allow for a classification 
according to the scheme being used. Acts 084,090 and 091 
for example are pupils' comments which are aside to the. 
development of the lesson and therefore would not be well 
represented as parts of P-I or P-E exchanges. 
The scheme, as it, stands, does neither include collective 
reactions. like "laughing" (acts 085 and 089) as one of its 
. categories; nevertheless, that seems to be an important 
verbal reaction in the context of classroom discourse* 
TRANSACTION 9 
035 B Fr T). Yeah .. all right OK 092m 036- D0 how are we getting all those ditfcrent colours7 UD3 el shall we have one hand in for start 094 d 
A. NV 095 rea 
037 E0 T). Now 096 m 
" we really .. it would help if we 097 oth " hum what did we start of"with? 098 el 
A B). Red blue and green 099 rep 
038 E0 T). What colours have we got there? 100 el 
A B). Red blue and green 101 rep 
F T). -Red blue and zreen 103 e 039 10 and we've now added .. what we could describe as a pinky red yeah? and a bluey green 103 i 
040 P-I 0 B). Nhgenta 
041 E 
042 E 
F Hum yes 
pinky red called? 
ýhgenta 
F T). Nhgenta bluey green? 
A B). Turquoise 
F T). Turquoise I would call it turquoise you would call it turquoise and we-all know what we mean 
104 p-i 
105 acc 106 el 
107 rep 
108 e IU9 el 
110 rep 
111 e 
112 com 
043 E0 what do you think the examiners call it. e 
A B). Bluey green 114 rep 
F T) . Cyan -&* 115 e 91 mean it's obvious isn't it? who ever heard of anythinjz-called syan C .. Y.. A ... N 116 com 044--E 0. have you ever heard? no? 117 el 
A B) . No 118 rep 
F T). N6 neither 119 com 
04b ij ro Aurquoise to you ana me but . get used to cyan IZO com perhaps it is because they cantt spell cy can't 
spell turquoise .. but for the same Teasbn they call it cyan .. 121 com it's that bluey green colour 122 com I suppose I will try to call it cyan to get you used .. to it .. 123 com 
------------------------------------------------------------------------------------- 
In the beginning of the transaction the teacher 
appears to be somehow undecided about the way in which 
she should develop this part of the lesson. In Exch 036, 
the first teaching exchange of T9, act 093, an elicitative, 
is immediately cancelled by act 094, a directive. The in- 
decision is also apparent in Exch 037 in which act 097 is 
left uncompleted, another case which does not appear in 
the scheme proposed by Sinclair and Coultbard, 
I can only speculate about the reasons for this insecure 
start. T7 was a transaction in which the demonstration 
did not work as planned, and after giving up, the teacher 
had to start a new line of presentation. The new line was 
hinted atý bý the effect of the pupils' hands in front of Y 
the projector, and she had to replan her route, which she 
managed to do, but at the cost of two false starts in Kxchs 
036 and 037. 
The rest of the transaction consists basically of 
eliciting exchanges which seems to be the way of presentation 
favoured by the teacher. As in previous transactions the 
questions are closed and factual or purely rhetorical as in 
act 118, serving the purpose of involving the class in the 
presentation, and controlling the pace and sequence of the 
lesson. 
The sequence of exchanges 039 and 038 serves as an 
illustration of the points made above. In Exch 039 the 
teacher is in the-middle of an informative act (103) when 
one pupil advances-an, unsolicited information (act 104). 
The teacher acknowledges the information without commenting 
(act 105) and immediately reestablishes her control by 
asking a question (act 106) whose answer is the information 
advanced by the pupil. 
Exchanges 042 to 045 show the teacher presenting (using 
eliciting exchanges) scientific terminology by contrasting 
it with everyday language, and adopting an ironic view in 
relation to the former (acts 113,116,117,119,120), 
In spite of the irony the message to the children is clear: 
the new term is part of what they are expected to learn 
(acts 115 and 123) by the examiners, even if an equivalent 
one exists in everyday language* 
TRANSACTION 10 
046 E0 T) . Hum -- 124 m " where does the magenta come from? 125 el " what combination do you think gives you magenta? 126 el 
A B). Red and blue 127 rep 
F T). -Red and blue 128 e 047 D0 so could we have this nice early thing back 129 d(n) 
Aw 130 rea 
F T). Thank u 131 e 
04F- E0 hum 132 m that magenta hand 133 s 
what do you think is shining on the magenta hand? **** 134 el 
049 Re-i 
A G). Green and blue 135 rep B). Green 136 rep B). Blue 137 rep 
0 T). Hands from magenta coming on the screen what do you think magenta is a combination of? 
A G)(2). Red and blue 
Red and blue OSO E so,.. what can. we,. -, see on. the pa look. here? - what?.;. ,-.: ;- 
138 s 139 el 
140 rep 
141 
.t 142 el 
A B) Green Red Blue G) Green 
F T). Yeah 
0 if we stop the green getting on the screen .. only the red and blue get there and that's why it looks magenta there .. 051 B Fo . so that angle .. going to tFat magenta .. sort of shadow is stopping the green a. 
052 Oth 0 B). Looks like a pig isn't it? 
Ss). (Laugh) 
T). Are they really that colour? 
143 rep 144 rep 145 rep 146 rep 
147 c 
14 8 com 
149 com 
150 oth 
151 oth 
152 acc 
-------------------------------------------------------------- 
In this transaction again the teacher uses eliciting 
exchanges as a form of presentation of knowledge. As in 
T9, pupils' answers are complemented by comments (act 148) 
and a summing up conclusion (act 149). 
The elicitation is unproblematic in Exch 046, but 
Exchs 048 and 050 show the main drawback of this form of 
presentation. The answers to the question presented in 
Exch 048 are not the expected ones, and instead of investi- 
gating the reasons for it, the teacher changes the wording 
of the questions (act 139) which becomes similar to the 
first question of the transaction (act 126); not surprising- 
ly she now-gets the correct answer and proceeds with the 
questioning. 
The wording of the following question makes it similar 
in spirit to the one presented in Exch 048 and again the 
answers are-either incomplete (acts 144 and-145). Or show 
a lack of understanding (acts 143 and 146). Instead of 
investigating the problem, the teacher seems to consider 
the combination of the two incomplete answers as making a 
correct one, and complements the presentation with a 
comment (act 148) and a conclusion (act 149). 
As far as the teacher's purpose is concerned the 
transaction could beterminated at that point but an input 
from one pupil added three more acts to it. The pupil's 
input although having the form of a P-I exchange, does not 
actually represent an attempt of contributing to the theme 
of the lesson; it is rather a joke which is accepted in 
good spirit by the teacher (act 152)o Since the contri- 
bution does not actually represent relevant information, 
as far as the concepts presented are concerned, I decided 
not to classify the exchange as a P-I one, 
TRANSACTION11 
053 0 T). Hwn ... 153 
. can we have the . turquoise cyan hand back please? 154 d 
A ). NV 155 rea 
F T). Y ah 1S6 e 054 ---E- 0 the turquoise cyan 157 s what do you think that's a combination of? 158 el 
A G). Green and blue 159 rep 
F T). Yeah blue-and green 160 e 055 E00 so 000 161 m 0 the part of which lies on the way? 162 el 
056 
A B). Red 163 rep 
F T). Red 164 e there we are stopping the red getting to the screen and only_getting the blue and green this cyan hand . *a* 165 com 0 he's got a blue thumb there Ibb S has he? can you see a blue tip of the thumb? 167 ch 
A. Ss). Yeah 
057 Oth B). (NOT AUDIBLE) 
Ss). (Laugh) 
T) . Yeah nqR . what 058 -E 0 what do you think .. what do you think the blue- tip of the thumb is stopping? 
A Red 
B). Green 
B). Green and blue 
F T). Green and red 
could we have a bit of concentration .. because they are getting quite rude some of these people the blue bits .. are where you're stopping the green and the red . and then where the blue is ettina Dast - 059 
060 Oth 
168 rep 
169 oth 
170 oth 
171 acc 
172 el 
173 rcp 174 rcp 175 rcp 
176 c 
177 oth 
178 com 179 ch 
180 oth 
181 oth 
182 acc 
183 oth 
T). Thank you .. 184 oth hum ... unexpected response 185 z 061 E00 hum 00 196 m " where we get the black shadow 187 s " what's he stopping? 188 el, 
A B). Everything 189 rep 
F T). Yeah 190 e he's in the path of all the red the blue and the green 191 com 
-------------------------------------------------------------------------- 
The teacher continues to use the elicitation approach. 
The questions are all closed, but two of them (acts 172 and 
188) require some reasoning on the part of the pupils. Their 
answer to the question presented in act 171 is unsatisfactory, 
and the reaction of the teacher indicates her displeasure 
with this. This sort of act, which represents an instance 
of the teacher verbally (and rather gently) controlling the 
0 
. ne S lac it of thumb doesn't he? 
B). It's there anyway 
Ss). (Laugh) 
T). Oh that's nomal colour all right 
Ss). (Laugh) 
also got a 
behaviour of the group is not accounted for in Sinclair 
and Coulthard's categories, 
Exchs 057 and 060 cannot be classified either according 
to the scheme. As Exch 052 in T10, they formally resemble 
P-I but, the pupils' input is a joke, ratber than a relevant piece 
of information for the development of the lesson. This sort 
of contribution seems to be an important factor for the 
creation of a relaxed, though formal, atmosphere in this 
particular classroom. 
Exch 061 presents an illustrative example of how an 
eliciting exchange can be used as an instrument for the 
control of attention on the part of the teacher. Act 188 is 
uttered in a way in which it can be a starter either for 
an eliciting exchange or an informative one. The direction 
to be taken by the exchange is totally under the teacher's 
control, and until it is made clear the group has to 
wait in attentive expectation. 
TRANSACTION 12 
062 B Fr T) - Yeah 192 m, Fo 0 let's just OK we will o. just look at this we'll separate them out again 193 ms, 
now 194 m 1 don'. t know if you can convince yourselves " that the red and blue and green can .. if you've-got 195 S 
0 think the problem vhat you think the problem is that it doesn't look a very pure white? what's the problem? 196 el 
A B). The red 197 rep B). The blue 198 rep B). The colour of the screen 199 rep B). They're not 200 rep B). The curtains 201 rep 
0 40 0 
I was thinking perhaps you need a good balance of brightness .. of the red blue and green ** you know .. a good balance so that each gets their oar in and each .. it seems to me that if anything the blue is a little bit weak on brightness or intensity 065 -E hum but :: Oif we 
066 
067 E 
remove . the red we are left with? 
A G). The magenta 
cyan 
F T). Yes 
. combination of the .. primary colours .. blue and 
Could be .. could be various thines like this 202 
green .......... OK? the primry colours blue and green combine to give us .. turquoise or cyan 
204 i 
205- m 206 el 
207 rep 208 rep 
209 0 
210 com 
211 com 212 z 
was the easy one? 213 el 
" pretty obvious the next one .. I'll give you an easy one next 
" let's get rid of that one 
" which was the other one we're talking about that 
which is known as a secondary__.... OK? 
A G). Magenta . 214 rep 
F T). Yeah 215 e let's just see .. the .. lamp on I'm getting the mirrors in the place all right right here we come .. pretty magenta go away green 000 216 
Ss). (Laugh) 217 oth 
T). OK? ... magentaAsh coming in there 218 z so ... primaries red and blue ... combining to get what is named as_a secondary ** the magenta 219 com now ZZU m 
any guesses for red and green? 221 el 
who's been fairly observant while we've been doing this? .. 222 p I think I'm going to take the blue on that side 
yeah . 99 223 z 
A B). Yellow 224 rep 
D'a- T). Any bibts? 068 JM6,0 
A B). Turquoise 
019 Re-i 0 T). Taking bets on the red and green 
A B) - Yellow B). Cyan G). Yellow 
T). No' 
225 p 
226 rep 
227 p 
228 rep 229 rep 230 rep 
231 e 
9-18 
there's the cyan on the bottom there's a turquoise colour ... 070 E0. who's been observing to notice the other secondar-y 
colour light? 
B). Ah .. red orange yellow green 
A Ss) .. Yellow 234 rep B). Yellow 235 rep 
F T). That still surprises me my eyes can't .. or perhaps is my brain my eyes are seeing that but my brain can't .. get used to the idea that red and green give us yellow .. (smile) 236 com -E 0* hum .. 237 m " except if you think through the spectrum ... think through the spectrum 238 s 
" what is the sort of average of red and green? ..... 239 el 
072 
13 AnL - JV6; 1- 
000 
you've got what? re 00 
going through the spectrum-.,.,. 
IVT Re-I -0 . rainbow 
A Orange B). Red orange B). Red orange 
075 Re-i 0 T). Dear me 
. yeah .. do go on 
076 
077 
078 Re-i 
F 
or you know .. the different colours ... they have different? 
. ye 
T). Oh well done red orange yellow green blue indigo violet 
. yellow comes sort of-between eo red and green so 
232 com 
233 el 
4 
e 
z4z clý 
243 rep 244 rep 245 rep 
246 z 247 p(n) 
248 rep 
249 
perhaps .. our well it's * really our brain responds to the average of .. red and green and sees it as Ahe yellow .. that's how we respond to the sort of combination or average of the red and green __250 i 0. what's apart from them looking difterent 
colours hum if we thought about radiations before 251 s 
. what we thought of being different about red and green? 252 el 
A B). Wavelengths 
0 T) . Or? .9e 
A B). Frequencies 
F T). Frequencies .. different wavelenghts or frequencies 
and the yellow comes in between in wavelengths and frequencies between red and green .. so that perhaps 
253 cl 
254 rep 
255 el 
256 rep 
257 
is why that combination we recognize as the .. yellow-, 258 com so there's your .. two previous combining to give the yellow as the . hum secondary there .. 259 com 
------------------------- 
The transaction is again basically composed of eliciting 
exchanges, in which the answers given by some pupils arc 
complemented by the presentation of "teachers' science", 
either as comments in follow-up moves (Exchs 065,066,070, 
078) or by informative exchanges (064,076). 
Only one of the questions presented by the teacher 
(act 196) can be considered an open one. The teacher, how- 
ever, although acknowledging the possibility of different 
answers to the question (act 202), does it only in passing, 
and does not discuss the alternatives offered by some pupils 
(acts 199 and 201 for example). Instead of asking the 
pupils to elaborate their answers, or at least commenting 
on them, the teacher immediately presents her view in an 
informative act (act 204). In this way, a relatively open 
question is treated by subsequent teaching acts as an almost 
closed. one. It is interesting to notice in this particular 
presentation of "teachers science" the use of a metaphor - 
11a. good balance (of colours) so that each gets their oar in" 
(act 204). 
The sequence of Exchs 067 to 070 shows the teacher using 
eliciting acts to involve a larger number of pupils in the 
presentation, and for controlling the attention of the group. 
The right answer has been elicited in the beginning, but the 
teacher keeps pressing for more pupils to utter the correct 
word* 
The sequence of Exchs 071 to 075 shows a case in which an 
everyday language word is used as a clue after failed attempts 
to elicit an answer. In this case the meaning of the word 
"spectrum" (acts 238 and 241), a typical expression of 
scientists', curricular and teachers' science, is not 
known or at least not recalled by the pupils. As soon 
as the teacher changes the word to rainbow (act 242), the 
sequence of colours is recited by one pupil. But rainbow 
and spectrum are not synonymous, and although their 
meanings overlap, the differences are not discussed, 
probably because for the teacher's immediate purposes 
they are not relevant. The sequence is followed by an 
informative exchange (07.6) summarizing the teacher's view, 
The explanation presented by the teacher when dis-! 
cussing the fact that red and blue lights are. expcrienced 
as yellow when mixed is an example. of mismatch between 
"teachers' science" and "scientists'-science". The problem 
of colour perception is still an unsolved one, and the 
perception of yellow has been a matter of dispute between 
physically and psychologically orientated.. c6lour theorists 
(Sections 8.2.4 and-8.2.5). The problem, however, is not 
treated in the textbooks followed by the.: teacher - and is 
not considered in "curricular science" in general (Section 
8.4.4) - and the teacher had to develop her own explanationi 
which in this case is incorrect: if the same reasoning 
(averaging of wavelengths by the brain) is applied for 
the mixing between blue and red, the expected result would 
be something in the middle region df the spectrum (yellow- 
greenish) and not magenta. It must also be noticed that 
the explanation advanced by-the teacher, is presented in a 
rather tentative way as the use of the word "perhaps" in 
acts 250 and 258 shows. 
TRANSACTION 13 
080 D0 T). Can you just see them and I'd like you to draw and colour up . 260 s . what I'm about to do in a way .. come on where is the blue one 261 z 
. that's the classic colour triangle as it's known a00000 262 s 0 and I would like you .. preferably before Friday .*I don't mind as long as it is by next Wednesday when we'll be going on .. I'd like you please to .. draw yourselves up a colour triangle like that and colour it up .. in . those colours given 263 d 081 E00 FU-M. -000 264 m what's the one you won't be able to mix with your colours to give the results that you get with the light? ooese 265 el 
B). Blue and white B) . White G). Green and blue 
082 10 T). Hum .. e no way will you .. sort of mix on paper a -red and green pencils to give you yellow .. so that is a coloured light triangle and hum pick yourselves up I think .. to get a .. better demonstration of it pick yourselves up the colours the pinky magenta colour .. and the turquoise and the yellow and use 
. so give me. a first colour equation 
those in those sections 270 i 
085--E and what's in the middle of your triangle7 271 el 
White 
F T). OK? 273 e leave it showing as white 274 com - tti--7tA 
084 D also wouicl you )ust make yourselves. a 11 ae - of the way the primaries combine .. to give the secondaries 
085 Ch 0 OKY ee 086 E0 
SS) - Red and green giVes 
087 Re-i 
. e-1 
A 
089 E0 
A 
266 rep 267 rep 268 rep 
269 
272 -rep 
275 d 
Z76 Ch 277 el 
278 rep 
We can have other ones can't we? 279 el 
0 you can get it 
Yes .. blue plus .. blue plus green gives cyan 
T) . Red? 
). (NOT AUDIBLE) 
T). OK Ted plus green equals yellow c colour equations aa 
red and blue gives you ragenta? 
280 cl 
281 rep 
282 el 
283 rep 
284 e 
285 s 286 el 
A B). Blue and green gives cyan 287 rep 
F T). Blue and green gives you cyan 288 0 091 E0. and a third overall Equation7 269"Cl 
A B). All the colours give white 290 rep 
F T). Red plus blue plus green .. the primries give you . white .. 291 com 
---------------------------------------------- 
------------------- mm M mm-mmýý* 
The directive exchanges of this transaction (Exchs 080 
and 084) are different than the ones before and the ones 
presented by Sinclair and Coulthard in the sense that they 
do not demand an immediate response, but arc rather setting 
up a task. to be performed in the future as homework* 
It is noticeable, on the other hand, how the attentive 
demands imposed, by the teacher's presentation, on the class 
can suffer rapid changes in relative short periods of time. 
Act 263 for instance is a directive, and 265 an elicitation, 
the transition being marked by 264. The answers presented 
by some pupils are followed directly by an informative act 
(270), which in its turn, is immediately followed by another 
elicitation. A large proportion of pupils' attention, I 
would guess, has to be directed to those socio-linguistic 
demands, rather than to the understanding of their contente 
TRANSACTION'14 
092 D0 T). ... and .....: can't find the black side in a darkened room ... 292 z put the lights on please for a moment ......... 293 d 
A .. 
) 
4, 
Right I've got it ... . hum the lights off again please 
294 rea 
295 
296 d 
A). NV 297 d 
TRANSACTION 15 
094 T). Hum w twas, that rubbish in that film wc saw last so --h-a 
week? '096 -E what we've got here? 
A B). Magenta 
F 
098 E 
099 
anybody think what in the film we saw was my mind ... rubbish in that film there? what did they say/ 
40 
nurn 
0 41 
0 magenta yellow and .. cyan turquol -mv- 
B). We've got the secondaries 
T). We've got the secondary colours OK? 
to 
A B) . Too long 
F T). All riRht all of it 0. what did they say about nagenta plus yellow 
plus cyan or turquoise on bluey green? they 
said it was black 
. what we've got here? 
299 el 300 el 
301 rep 302 rep 
306 el 307 el 
308 rep 
309 acc 
310 s 311 el 
Ss) . White 312 rep 
F T). A much nicer white in fact than we had before 313 e 
. and to my mind that .. this I mean I can see I believe this but they don't believe thoueh .. 1 314 com 
can you think what they might have been doing? 316 el what are we doing here? ... 317 el 
. well 315 m 
--E . hum .... o 318 m -loo 3- yeah we are ......... OK we've got ... hum three separate simple rays 
what's the magenta I: earing? 
B). Red and blue 
101 0 T). And what's the yellow? 
A B). Red and green 
102 0 T) - Cyan? 
A B). .. Green and blue 
103 Ch 1-04 -E 
T) - OK? 
319 s 320 el 
321 rep 
322 el 
323 rep 
324 el 
325 rep 
326 ch so 00 327 m 
what are we in a sense putting together when we 
put all this together? e, 328 el 
A . ). (NOT AUDIBLE) 329 rep 
F T). Two reds .. two greens two blues 330 e 
. six colours as you say 331 com 
we won't worry with this triangle for recording this is just because we've got it really and it's pretty 000 
105 10 ilow 
but we're putting together in the middle there in effect two reds two blues .. two greens hum you' ve got in other words if we think through our spectrum .. again . red orange yellow green .. blue indigo violet you've got red from one end of the spectrum blue from towards the other end of the spectrum and green in between .. we are putting a representation of all the spectr= together . and we recognize it as white .. that in a sense give us the all range of wavelengths and frequencies and we recognize that combination as white so here we are getting in a sense a couple of red wave- lengths a couple of-green wavelengths a couple of 
106 
107 
blue wavelengths and our eyes respond to that in our brain and we see it as the whole spectrum as though all the wave frequencies were there so we see it as white in the same way as we would if we've got all the spectrum all the wavelengths all the colours . **. and here we are adding . all those wavelengths and frequencies together and seeing them all together reflecting them all off a good white screen so. that we're Retting the whole 
range to our eyes and we therefore. now sce them 
-as white 334 i 
if you .. if I gave you out ... bits of .. this sort of film how do you think they are putting them together 
. how could you? ... 336 el 
eI suspect what they were doing . 5.55 S 
to get their black? 
. yeah (lowering) .... if you put your mgenta 
332 
337 
338 el 
filter .. then your you filter then your yellow filter ***. * then .. what? ... 339 el hum this is a slightlytricky question . 340 z in. q 0 what does a maRenta filter .. do to the lizht you're offering it? what 
A B). Reflects off it G). Reflection 
B). Let the magenta B). Gets through B). Let through the yellow 
341 el 
342 rep 343 rep 344 rep 345 rep 346 rep 
109 E0 T). If we take the magenta let's take the magenta on its own ... 347 s that piece of plastic in there is letting through what? .. what we're ending up? 348 el 
A ). Red and blue 349 rep 
F T). Red and blue 350 e 
im 00 so 69641 351 M 
" what's that bit of plastic .. jelly stuff doing? 352 
" what else ... would the white light be offering it really in the way of primary colours? *9 353 el 
). Green 
Green 
F T) . Green io . what it has done to the green 
A B). Blocked it B) . Subtracted 
what do you think it my the way ot that hum .... might be use? blocked it? stopped it? so 361 cl 
360 acc 
113 1 
A B). Distorted it 362 rep 
T T). Distorted it? esoes 363 e 0. may I try absorbed? -,, can you get used to absorbed please (laughing) 364 i 
. sorry .. it is a language lesson isn't it? 365 com 
3S4 rep 3SS rep 
356 c 357 el 
358 rep 359 rep 
114 hum 366 m it's absorbed .. the green has been stopped blocked taken in .. absorbed by the chemical ýye we've got in there it picks up the green and absorbs it stops it so only the red and blue et through .. - 367-i-. 
A 
what colour has been absorbed by the cyan .. filter 368 el 
B) . Green G) . Red 
369 rep 370 rep 
F T). __Yeah .. red 116 E0 and by Uie yelloT? somebody else 
A 
F 
Blue 
117 
combination of 
T). Good .. blue 
. red and green are getting through so we see the 
that particular emicar dye in-there the molecules in there are picking out and absorbing just ee the 
.. blue so that they are taking in the blue wave- 
371 e 372 cl 373 pi 
374 rep 
375 
376 com 
length the blue frequency 377 i 
Ila 0 right hum 378 m and .. that .. can you think again if you put the three filters these three secondary filters if you 
put them one up to the other in front of the light 379 s if you put in the magenta .. that absorbs? *.. * 380 el if you put in the magenta in the -magenta itabsorbs? 381 el 
A G) . Green B) . Green 
382 rep 383 rep 
F T) . Green * so it takes the greencut 120 E0 if you then out in the yellow that absorbs-ý- 
384 e 385 com 386 el 
A Ss) . The blue 387 rep 
121 
A 
T). So the blue is_..,, gobblcd__up 388 c 
. ana it we put in the ,, cyan! 389-Cl- 
). Red goes 390 rep 
F T). That absorbs the red 122 E0 so what have we got left to come through? 
A B). White 
F 
B). The colours in between B) - (NOT AUDIBLE) 
T). Taking it too far won't we 
9 I'll let you do it I think on Friday it would be 
391 c M cl 
393 rep 394 rep 395 rep 
396 com 
better it's a bit too much for one lesson . 387 
124 
. because the top one if you put that it absorbs the green in there . this one absorbs the blue that one is absorbing the red .. if you have absorbed all your primry colours you are left with nothing .... 00000 398 i if you stop red blue and green there's nothing left 399 com 
----------------------------------------------------------------------------------- 
This quite extended transaction shows the teacher using 
again mostly eliciting exchanges. In this case, the main 
aim of the questioning is to generate, from the class - or 
that part of the class involved in the dialogue - the answer 
to a question posed in the beginning. The sequence of elicit- 
ing exchanges follows a socratic-approach, in which the bits 
of information elicited, if logically organized, should lead 
to the solution of the "problem" presented by the teacher. 
The end result, however, is not successful, 
The "problem" is posed, in the very beginning (acts 299 
and 306), in a very general and open way; the pupils have 
practically to guess what the teacher has in mind, and not 
surprisingly she gets only a general and out-of-context 
answer (act 308). Although the question posed by the teacher 
is open in its form, it is clear from the rest of the exchange 
that she had a very specific aspect in mind, and I would 
speculate that the out of context answer given by the boy 
in act 308 is a "good-mooded! l form of defence. lie probably 
knows that this is not the sort of answer wanted by the 
teacher, and in one sense is signalling to her to narrow 
the focussing of the questioning, 
By acknowledging the answer in relative good mood, she 
. seems to have accepted the message and in exchanges 098 to 
104 she presents a series of factual and closed questions, 
followed by an extended piece of information (Exch 105). 
It i, s interesting to notice that in the informative exchange 
the explanation is given totally in terms of specialists' 
language. 
In Exch 106 the teacher attempts to return to the initial 
problem, now more explicitly defined (act 338) but fails to 
generate any answers. She recognizes that the problem is 
difficult for the pupils (act 342) and starts a sequence of 
socratic types of questioning, 
The questions presented by the teacher in the sequence 
of exchanges 108 to 122, should "logically" lead to the 
correct answer to the problem initially proposed. In practice 
it does not happen, and the final answers presented by some 
pupils (acts 393 to 395) demonstrate that the principles 
underlying the mixing of coloured-light has not yet been 
understood by them. The teacher recognizes the point (act 
396) and gives up (act 397) the attempt of eliciting the 
asnwer from the pupils. She decides to present it as a piece 
of explicit information (acts 398 and 399). 
The sequence of eliciting exchanges discussed i1n the 
paragraph above was interrupted on two occasions by informa- 
tive exchanges (Exchs 113,114 and 117). Exchange 113 is 
particularly interesting because it shows the introduction 
of specialists' terminology - "absorb" - for replacing 
children's terminology - "blocked", "subtracted", "distorted" 
(acts 3S8,3S9,362). The teacher treats the case as a 
problem of changing of language (acts 364 and 365). It 
certainly is, at the surface, a problem of language, but at 
a deeper level, it can be a conceptual question: are the 
pupils using the words "blocked", "subtracted" and "distorted" 
in the same sense that the teacher is using the word "absorb", 
or are the different terms an indication that alternative 
frameworks are held by these pupils with relation to the 
phenomena discussed? -The way in which the transaction ended 
(discussed above) seems to support the second hypothesis, 
. If this is so, I would speculate that in future these pupils 
are likely to employ the new word without changing their 
frameworks* 
It is also possible that part of the children have 
. problems in conceptualizing the question in terms of 
absorption of colours by the dye, because they tend to see 
a filter as a colour-adder, and not as a colour absorber 
. (see Section 8.3). 
9.3 Discussion 
The aim of this section is to summarize and to extend 
some of the points disclosed in the analysis of the lesson 
extract. In the discussion I will consider initially 
aspects related to the form of the interaction and after- 
wards aspects related to its content. 
9.3.1 The Form of Interaction. The lesson was formally 
conducted with the teacher lecturing to the class as a 
whole, and no opportunity being offered for inter-pupil 
discussion. Without being openly authoritarian, the 
teacher managed to exert disciplinary control over the 
group, and the atmosphere was relaxed and friendly, 
The teacher fully controlled the flow of knowledge 
during the interaction, which rather than being described 
as an instance of "negotiation" can be seen as an example 
of "presentation" of knowledge by the teacher. The 
different types of exchanges identified in the analysis of 
discourse are summarized in Table 9.1. 
Type of Ex-Change BE Re-i I Ch D P-I Oth 
Frequency (%) 1 12 45 10 10 04 13 02 04 
Table 9.1 Frequency of Types of Exchange 
Most of the exchanges (96%) were identifiable according 
to the categories proposed by Sinclair and Coulthard, and 
the few which were not, consisted of instances related 
but not relevant to the topic being taugbt (e. g. jokes). 
The high percentage of identified exchanges (and moves and 
acts) allows to conclude that the system adopted was 
adequate for the task. 
The predominant mode of interaction was the elicitation 
which accounts for 55% of the exchanges, when "Re-initiation 
Exchanges" are also considered. The elicitation mode of 
interaction follows in general the pattern: 
Opening (by teacher) Answering (by pupil) Follow-up (by teacher 
A Question A Response Evaluation and/or Comment 
Although "follow-up" moves are optional in the "eliciting 
exchanges" in the present case they were present in the 
majority of them. Sinclair and Coulthard (1975) comment on 
the fact that "eliciting exchanges" are the most typical in 
formal lessons. This form of interaction places the control 
of what is presented in the teacher's hand, and it can be 
considered a form of presentation of "teachers' science". 
The questions were not actually aimed at disclosing pupils' 
ideas or to challenge their views, since only the "right" 
answers, i. e. those contributing to the following of the 
teacher's discourse were considered, and commented in the 
,, follow-up" or in following "information exchanges". Since 
the main aim of the questioning yas to exert control over 
the classroom attention and over the flow of information, 
most of the questions were closed and factual. Even those 
apparently open-ended were treated in the "follow-up" as 
closed (e. g. Exch 063). 
The form of interaction described below allows for both 
a disciplinary and knowledge control on the part of the 
teacher. Using Bernstein's (1975) concept of "framing", 
which refers degree of control over the selection, organi- 
zation and pacing of the knowledge exchanged in the pedago- 
gical relationship, it can be said that the pattern of 
sequences of elicitations disguises, under a superficially 
enquiry format, a strong framing of knowledge on the part 
of the teacher. In Barnes' terminology the teacher would 
be classified as a-ITransmission-Teacher", at least in this 
particular lesson (Section 5.2)o 
From a constructivist perspective some critiques can 
be raised against this form of interaction. A first aspect 
to be noticed is the passive role assumed by the pupils: 
only 02% of the exchanges directly relevant to the topic 
being taught were pupil-initiated, and they were not proper- 
ly considered by the teacher. Other cases of pupil-initiated 
exchanges consisted. of jokes. The pupils' answers to the 
questions were not elaborated sentences, consisting mostly 
of very short utterances (one or two words or a very short 
sentence). The shortness of pupils' answers can be seen as 
a requisite for the swift flowing of the teacher's presen- 
tation. Furthermore, "wrong" answers, i. e. those not con- 
tributing to the flowing of the presentation, were not ex- 
plored, and the views of those n. ot answering at all (a 
majority) not questionede 
In these circumstances it. is not surprising that-alter-- 
native conceptions were not explicitly voiced during the 
interaction. It can be argued that they were not given 
the chance to emerge, and that the interaction between 
"teachers' science" and "children's scicncell took place 
in the pupils' heads rather than in open discussion* 
I 
9.3.2 The Content of the Interaction. The teacher's 
presentation followed closely the pattern suggested in 
the textbooks for the introduction of additive mixing of 
colours. In two instances, however, differences between 
"teachers' science" and "scientists'-science" were noticed. 
The first case occurred in the very beginning when 
the teacher defined primary colours as "the combination 
that gives us white" (Exch 006). The definition is in- 
correct since a set of primary colours can produce a large 
variety of hues apart from white. This point is mentioned 
explicitly in one of the textbooks followed (Nelkon's CSE 
Physics) and hinted at in the other-(Abbot's O-Level P 
Had the teacher given a more general definition of primary 
colours, she could have explored it when the demonstration 
failed to produce the planned result. (white) in Transaction 7. 
The teacher also conveyed the idea that "red, green and blue" 
is the only acceptable set of primary. colours, an idea that 
although not in accordance with "scientists' science" is 
implicit as well in the curricular materials examined* 
The second instance of divei-gence between "teachers' 
science" and "scientists' science" was her explanation of 
the yellow sbnsatibn-at-the; end of T'ransacti6n, *12, a typichl 
case of a sophisticated alternative framework presented by 
the teacher. This point of the lesson would have been a 
good moment for discussing the difficulties faced by theories 
of colour vision and to consider the fact that this is, still 
today, a case in which consensus was not reached. But again, 
this is not an issue considered in the curricula examined. 
The same as "curricular. sciencc", "teachers' science" showed, 
in this case, a strong "classification" of knowledge* 
9.4 Summary 
This chapter complements Chapter 8 in the presentation 
of an illustrative example. in a case study format in which 
the forms of knowledge described in Part A of the thesis are 
used in the analysis of school science presentation of "Light 
and, Colours". In the present chapter an extract of a lesson 
dealing with additive mixing of colours was analysed using 
both Sinclair and Coulthard's scheme for analysis of dis- 
. course (form of the interaction) and insightful observation 
(content of the interaction), 
It was shown that: 
(a) The particular interaction was a case of "Trans- 
mission-teaching" with a strong "framing" (control of 
knowledge) on the part of the teacher, 
(b) The interaction could be characterized as the 
presentation of "teachers' science", rather than negotiation 
of knowledgev that is, open interaction between "teachers' 
science" and "children's science". 
(c) QuestioningNwas; used by the teacher, hs a fotm of 
control over the nature and pace of knowledge presented and 
not in order to explore children's views, 
(d) In some aspects "teachers' science" was not in 
accordance with "scientists' science". These happened in 
cases not properly dealt with by "curricular science". 
CHAPTER TEN . 
CASE STUDY II: FORCE AND MOVEMENT 
(Scientists', Children's and Curricular Science) 
10. CASE STUDY II: FORCE AND MOVEMENT (Scientists', 
Children's and Curricular Science) 
10.1 Introduction 
This chapter and the next one may be considered in 
conjunction. As with the previous two chapters, they 
consist of. the.., presentation-of. a case study in which the 
conceptual framework, described in Part A of the thesis, 
is employed in the analysis of a topic of school physics, 
The relation between force and movement, from an 
inertial point of view, is basic for the understanding 
of Newtonian mechanics at a conceptual level. Newtonian 
mechanics is regarded as one of the foundations of 
secondary school physics, hence the importance of 
considering the topic. 
The present chapter consists of an overview of the 
historical development of conceptions relating force and 
movement ("scientists' science"); of a review of research 
on alternative conceptions about the topic ("children's 
science"), and of a critical analysis of curricular 
materials ("curricular science"). Chapter 11, which 
follows, presents the analysis of a lesson extract in 
which the topic is treated. 
10.2 Scientists' Science 
Conceptions, 'concprning the. -relationship. between., force 
and movement can, historically, be divided into four major 
groups: the Aristotelian view, the 'Impetus" theory of the 
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Middle Ages, the inertial view as expressed by Newton's 
first law of motion and the Einsteinian view, This is, 
of course, a rough generalization, since representative 
workers within these different groups were not uniform 
in their interpretations. There are intermediate figures, 
like Galileo, whose conceptions represented the transition 
between the-medieval-Impetus theory and the Inertial 
conception of motion. Nevertheless, the division can be 
a useful device in helping to conceptualize ma3or stages 
in the developmbnt. 'of-thp- concept of forcei-especially in, 
its relation to movement, 
iO. 2.1. The Aristotelian View. Aristotle's ideas concern- 
iýig motion were part of a broader perspective which can be 
described as the Aristotlelian two-sphere universe (Kuhn, 
1977b). This conception considered a finite and completely 
full universe limited by a sphere of stars. The majority 
of its interior was supposed to be filled with a single 
elementq the. aether, aggregated in a set of nestling shells 
containing the planets; The sphere of stars formed the 
outer surface of that aggregate of shells, and the sphere 
containing the moon (the lowest planet) formed its inner 
surface. The earth rested in the centre of this universe, 
The aether was considered to be the celestial element, 
filling the space between the sphere of the moon and the 
sphere of the stars. It was pure, unalterable, transparent 
and weightles. ý,, -. cbxjstitutýng the substance from which the 
planets, the stars, and the shells accounting for-their 
motions, were made. The sublunary region was filled with 
the four Aristotplicw%& elements: earth, water, air and fire. 
At every point of this universe some sort of substance was 
present, and matter and space were inseparately linked, 
with the result that the very -otion of a vacuum was an 
absurd in terms. 
Motion was considered differently with regard to the 
celestial and sublunary regions. In the formor, which was 
eternal and changeless, motion was supposed to be perfect, 
that is, uniform, circular and perpetual. Terrestial or 
sublunary motion, in its turn, was divided in natural and 
violent. Natural motion was the motion directed to the 
"natural places" of objects. In the case of rocks and 
earthly materials, that teleological destiny was considered 
to be the centre of the universe. That explained the fact 
that the Earth (composed of rocky and earthy materials) 
occupied this position. Natural motion was, therefore, 
governed by the space geometry alone, and not by the mutual 
relation between bodies. According to the Aristotlelian 
view, a stone falls naturally towards the Earth, not 
because it is attracted by it, but because the Earth occupies 
the centre of the universe. By the same token a moving Earth., 
was inconceivable in the AristottXuDk-u universe. That point 
of view was incorporated in the Ptolemaic paradigm which 
dominated astronomical research until the Copernican 
revolution (Kuhnt 1977b). 
All motions. which were not natural, were considered 
violent in the Aristot. - framework, and since, unless 
it is pushed or pulled, a body will move straight towards 
its natural position and then rest there, a force was 
necessary to move terrestrial 'elements from their natural 
place, like for instance the motion of a chariote 
Franklin (1978) represents Aristotle's law of motion by: 
Velocity - Force (motive power) or Va KF Resistance R 
where F is the motive power urging the body to move, and 
R stands for the resistive medium through which the body 
passes. 
Aristotle himself never stated his law of motion in 
this concise mathematical form. He rather discussed, sepa- 
rately the changes of velocity due to changes in the moving 
force or in the resistance of the mediumO -But it can be 
argued that the mathetnatical expression"presented conveys 
the meaning of Aristotle's statements. There are two basic 
aspects of the Aristotlelian physics of motion, symbolized 
in the expression, that must be stressed. 
First, the idea that. force and. velocity are directly 
associated, that is, for a body to have a velocity a force 
must be being exerted. Second, the impossibility of a void 
existing in the Aristotlelian universe, expressed by the 
resistance in the denomination of the equation. The impli- 
cation is that, in the voidr6tistance -must be zero and the 
velocity would be infinite, which is impossible since the 
motion would be instantaneous. That was the argument used 
by Aristotle to argue for the impossibility of a void, which 
was a fundamental feature of his finite and filled universe, 
Aristotle's theory-of motion explained quite well the 
movement of bodies lying on a surface, but could only offer 
a complicated and rather unconvincing explanation for the 
motion of projectiles. In this case, no vis i1blc mover 
exerting a force on the projectile was preýcnt, and Aristotle 
amended the theory by conceiving the disturbed air as the 
source of a push, after the contact between the object and 
the thrower ceased (antiperistasis theory) , as illustrated 
by Fig. 10-1. 
Motion of the Projectile 
Medium becomes Medium becomes 
less dense more dense 
(0)))) 
Medium flows around and 
pushes the projectile 
I 
Fi, g,. -' 10.1. Antiperistasis 
(AcC-'Ording -to F'ranklin,, - '19 .7 8), 
According to Kuhn (1977b) Aristotle was aware of the 
weakness of this extremely artificial and ad-hoc solution 
but for him the point was not very important. Projectile 
motion was considered as a case lying outside his general 
framework, probably because it might have created difficulties 
to his theory. 
10.2.2 mpetus Theori'es, These weaknesses constituted, how- 
ever, the focii fbr'medieval commentators on his theories 
of motion. Following the scholastics method of analysis, 
in which arguments and counter-arguments were advanced in 
relation to specific aspects of Aristotle's views, particular 
inadequacies were highlighted even by scholars pledging an 
allegiancy to the general Aristotlelian view of the world 
(Kuhn, 1977b). 
The most important early medieval critic of the anti- 
peristasis explanation was John Philoponus who lived in the 
sixth century A. De (Franklin, 1978). He proposed that an 
impressed force or borrowed power was transmitted by the 
thrower to the projectile, rejecting the idea that a medium 
can both sustain and resist the motion of a projectile. 
He also argued for the possibility of motion in a void, 
assuming, however, that the impressed force was of a. self- 
expanding nature, in order to disallow the possibility of 
infinite motion. 
A similar view was held by some Arab scientists in 
the Middle Ages, among them Avempace (1106-1138) whose 
views were introduced in the West. through Averr'o'es' comments 
on Aristotle's physics, a standard text among medieval 
scholars. Franklin (1978) represents Philoponus'. and 
Avempace's theories of motion by the equation: 
F-R 
where V= Velocity, F= Force, R= Resistance of medium. 
This equation allows, at least hypothetically, for motion 
in a void* 
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The discussions about the possibility of motion in a 
void and about the very existence of a void reached their 
peak in the 13th century. Some scholars maintained that 
God was restricted by the laws of Aristotlclian physics 
when creating the universe and that position prompted a 
reaction of the Church, condemning 219 ATistotlelian theses 
which could be used to cast doubts upon God's omnipotence, 
in the Edict of Paris issued by Bishop Tempier in 1277 
(Wallace, 1981). Among the condemned prepositions was one 
stating that God could not move the universe with retilinear 
motion because a vacuum. would result* 
Although being, in its origins, a conservative and 
dogmatic theological move,. the Tempier's Edit is regarded 
by some historians of science as providing a stimulus for 
scientific speculation since it obliged a more serious 
reflection on the concepts of space, time and motion 
(Dijksterhuis, 1961). Few, authors, however, will go as 
far as Pierre Duhem, one of the pioneers of studi"into 
medieval science, who considered 1277 as the birthdate of 
modern science (Wallaces 1981). 
The scholastic criticism of, the Aristotlelian theory 
of projectile motion culminated. in the formulation of the 
"impetus" theory in the 14th century by scholars based in 
the University of Paris. Jean Buridan, one of the leading 
members of this group asserted that, when a stone, or other 
projectile, is launched: 
,, (The projector) inpresses-a certain impetus or motive force into the moving body, which inpetus acts in the direction 
toward which the mver moved the moving body, either up or Ol 
down or laterally or circularly. And by the amount the mover moves that moving body more swiftly, by the same amount it will impress in it a stronger impetus. It is by that impetus that the stone is moved after the projector ceases to move. But that impetus is continually decreased by the resisting air and by the gravity of the stone which inclines it in a. direction contrary to that in which the impetus was naturally predisposed to move it. 711us, the movement of the stone continually becomes slower until the impetus is so di =*ished or corrupted that the gravity of the stone wins out over it and moves the stone down to its natural place. " 
(Jean Buridan, quoted in Kulm, 1977b, p. 120) 
Buridan's "impetus", differently from earlier versions 
was not self-expanding, and, unless resisted, could make 
motion endure forever. He also presented a quantitative 
description by equating the quantity of impetus with the 
product of the body's speed by its quantity of matter, a 
concept very similar to the concept of momentum in modern 
science (Kuhn, 1977b). 
Nicole Oresme., one of Buridan's students, continued 
his master's work, and actually employed the concept of 
"impetus" in order to-demonstrate the possibility (although 
not the necessity) of the Earth having a diurnal rotation. 
Oresme's counter-arguments to Aristotle's and Ptolemy's 
theories, considered an inertial solution to the problem 
of an arrow thrown vertically. They were very similar to 
the ones used later by Galileo to defuse anti-Copernican 
11proofs" of the immobility of the Earth (Kuhn, 1977b). With 
Buridan and Oresme, terrestrial dynamics started to be used 
in cosmological arguments9 a movement in the direction of a 
unique physics to describe earthly and celestial movement. 
it must be stressed, however, that: 
"Impetus dynamics is not Newtonian dynamics, but by pointing to new problems, new variables, and now abstractions impetus dynamics helped to pave the way for Newton's work. Before the iinpetus theory both Aristotle and experiments testified that only rest endures. Buridan and some other impetus theorists declared that, unless resisted, motion too will endure forever, and they thus took a long step toward what we now know as Newton's First Law of %tion. 11 
(Ktilml 1977b, p. 122) 
By the end of the fourteenth century "impetus" dynamics 
had replaced Aristotlelian dynamics. and during the during 
the next two following centuries it was taught and used by 
. the principal medieval scientists; Galileo learned it from 
Bonomico at Pisa (Kuhn, 1977b) and it was Galileo who was 
to provide the final and crucial link between the "impetus" 
theory and Newtonian mechanics. 
10.2.3 Galileo. The role played by Galileo in the develop- 
ment of dynamics is still today a controversial matter in 
modern philosophy and history of science (Shapere, 1974; 
Finocchiaro, 1980; Wallace, 1981). According to Ernst Mach 
(1960), the influential nineteenth century positivist 
philosopher, Galileo must be regarded as an empiricist, who 
made a. sharp break, both in content and methodology (the 
former as a result of the latter) with the pre-existent 
tradition. From this point of view, which nowadays has 'in 
Drake (1970) its best known supporter, Galileo formulated 
originally and in a form equivalent to Newton's first law, 
the principle of inertia, establishing the equivalence 
between uniform-retilinear motion and rest. 
At the opposite end of the spectrum, Pierre Duhem, at 
the turn of the century, argued that practically all the 
ideas attributed to Galileo had already been discovered in 
the fourteenth century by the "impetus" theorists, and that 
he was at best a propagandist for what had already been 
accomplished (Shapere, 1974). Far from being the empiricist 
pictured by Mach and Drake, according to Duhcnfs view Galileo 
followed a rationa: listic approach, Anti-empiricists images 
of Galileo are also pictured by Fcycrabend (1975), Kuhn 
(1977b) and Koyr6 (1978) amongst others, and with the changing 
of perspective which took place on philosophy of science 
(Section 2.2-4) the traditional image of Galileo as the father 
of the empirical inductivist "scientific method" was re- 
considered. Philosophers and historians of science today 
seem, in general, to accept that Galileo's theories were 
developed not based on observational results, but in spite 
of them. As Koyre stated, after pointing out that most of 
the so-called Galileo's experiments were in reality "thought" 
experiments: 
"One could say, applying to Galileo the saying of a modern physicist, that he had no confidence in observations which had not been verified theoretically. " 
(Koyre*, 1978, pp. 67-68) 0 
With regard to the role played by Galileo in the formu- 
lation of the principle of inertia, an intermediate view 
between that of Mach and Duhen was proposed by Koyre (1978). 
It seems to be generally accepted that Galileo was influenced 
by the "impetus" theories as Duhenaargues (Dijksterhuis, 
1961; Clagett, 1959; Moody, 1975-ý Wallace, 1981), but his .2 
"impetus" evolved from the almost Parisian view expressed in 
his early works, like I'De Motu" (circa IgSg) to a nearly 
Newtonian perspective as expressed in his more mature 
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"Dialogue Concerning the Two Chief World Systems", published 
in 1632. This evolution was influenced by Galileo's adherence 
to Copernicism and by his attempts to solve tile physical 
problems posed by the new cosmology (Foyerabend, 1975; Koyr6, 
1978)e 
The main purpose of the "Dialogue" was to defuse arguments 
against the motion of the Earth, which were presented by the 
defenders of an Earth-centred cosmology. One of the most 
serious arguments was that, in a moving Earth, a body released 
from a certain heig1ft would fall behind the perpendicular from 
the point of release to the ground. Galileo's solution to 
this problem postulated an independence between the vertical 
and horizontal motions of the body and a conservation of the 
horizontal "impetus" (the famous Galileos principle of in- 
dependence of movements). But at this stage "impetus" had 
acquired a new meaning for Galileo (Koyr6,1978). It was no 
longer the "motive force"., causing the object to move, but 
motion in itself, an idea very close to the modern concept 
of momentum* 
In one of his classical "thought experiments" in the 
"Dialogue" Galileo introduces the idea of conservation of 
motion by arguing that a ball moving in a horizontal plane 
will remain in a state of uniform motion iinless resisted by 
external impediments. This notion of perpetually conserved 
motion in an idealized frictionless plane represented a sharp 
departure from the fourteenth century-theories. First of all 
Galileo presented it as a case of motion which was neither 
violent nor natural, breaking therefore with the old Aristotle- 
lian separation; motion became a state in itselfe 
Furthermore, being a state which is conserved, motion for 
Galileo, or more precisely uniform motion, was located at 
the same ontological level as rest (Koyre, 1978). ý, The onto- 
logical equivalence between uniform motion -and rest, as states which 
tend to be conserved, meant that, as rest, uniform motion 
itself need not be explained. Using Toulmin's (1961) termi- 
nology not only rest, but now also uniform motion, became 
an "ideal of natural order", and only what deviated from 
these ideals required an explanation, 
Although inertial ideas are important. in Galileo's work, 
he-never explicitly stated a "Principle of Inertial' as ex- 
pressed in Newton's First Law. The first to'clearly state 
it was Descartes (Kuhn, 1977b, Koyreo, 1978). twelve years 
after Galileo's "Dialogue". Nevertheless, Galileo's physics 
was so impregnated with it that Newton attributed the credit 
for its discovery to Galileo. 
10.2.4 The Newtonian Picture. The final step towards a. - 
fully inertial perspective in mechanics was to be provided 
by Newton. The'first of his famous three laws of motiong 
presented as axioms at the beginning of the Principia, 
states that: 
"Every body continues in its state of rest, or of uniform 
motion in a right line, unless it is compelled to change that state by forces impressed on it. " 
(Newton, quoted in Dijksterhuis, 1961, p. 466) 
This axiom is followed by his famous second law of 
motion stating the proportionality between the "change of 
motion" and the "motive force impressed", and by his axiom 
stating the equality bctwocn action and reaction, 
Differently than his forerunners, however, Newton 
started his work in an almost fully accepted Copernican 
universe. By combining his three axioms on motion with 
the laws of planetary notion developed by Kepler, he 
derived the law of universal gravitation. He was there- 
fore able to develop a quantitative cosmology that proved 
to be extremely successful. The far-reaching effects of 
the Newtonian synthesis helped his theory to overcome the 
initial reýctions of the Cartesians (who would-not accept 
the action through distancb'impfied by ihe law of gravitation) 
and to establish it as the undisputed. research paradigm in 
mechanics during the eighteenth and nineteenth centuries. 
The developments in mechanics which took place during these 
two centuries, like for instance Lagrange's formalismg reflect 
only the articulation of the paradig-m, in the Kuhnian sense 
(Section 2.3.3). without changes in its basic principles. 
The practical utility of the Newtonian. laws of motion 
did not prevent scientists from interpreting them in alter- 
native ways. O'Sullivan (1980) identifies four different 
interpretations, three in the framework of classical mecha- 
nics and one relativistic. Although pointing out that 
Newton himself was ambiguous towards what conceptual inter- 
pretation he adopted, O'Sullivan seems to attribute to 
Newton the interpretation that the second law was a law of 
nature, capable of being directly tested by experimental 
techniques. According to this interpretation that was the 
reason for Newton stating the first and second laws sepa- 
rately, the first being a definition of an inertial frame 
of reference, and the second a statement about the behaviour 
of the real world on inertial frames of reference. 
O'Sullivan points out that a different interpretation 
was the one provided in the nineteenth century by Kirchhoff, 
and adopted by Sommerfield, Mach and Hertz, according to 
which the second l. aw is to be regarded as a definition of 
force. The result of this interpretation is an axioma- 
tization of classical mechanics, iits results following from 
this definition rather than from experimentally deduced laws 
of nature. In this view the first law is clearly a special 
case of the second* 
The third classical interpretation mentioned by O'Sullivan 
(1980) sees the phenomenon of inertia as a result of the inter- 
action between an observed body and the rest of the mass of 
the universe. In this framework an inertial frame is defined 
as having no acceleration with respect to the smeared oýt 
mass of the universe and Newton's first law is again a 
particular case of the second hardly needing to be separately 
stated* 
10.2.5 Relati a The conceptions embodied in the Newtonian 
theory of mechanics passed through a major revision with the 
development of Einstein's theory of relativity. In the 
"special theory" presented in 1905 Einstein's aim was to 
reconcile Maxwell's laws of electromagnetism with the possi- 
bility of performing cdvariant transformations (no change 
in the form of the laws) among frames of reference moving 
with constant velocity. in relation to each other. Newton's 
laws of motion were cOvariant under such changes of systems 
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of reference, but the same was not true for Maxwell's flicorye 
According to Einstein's special theory of relativity, 
the laws of electromagnetism can be shown to be covariant 
if some fundamental concepts of classical mechanics are rc- 
interpreted. In particular, concepts like tin. c intervals 
and distances, which in the Newtonian framework are absolute, 
became relative to the system of reference considered, and 
the speed of light in turn into an absolute concept and upper 
limit. One consequence of this re-interpretation is that the 
mass of a particle, which is an absolute property of the 
particle in the Newtonian paradigm, becomes associated with 
its speed through the relation: 
vl-- -V2ý(C--2 
where mo is the rest mass of the 
particle and c the speed of light* 
One usual procedure after the advent of relativity has 
been to re-interpret the laws of classical mechanics according .0 
to Einstein's theory. Newton's second law of motion and the 
principle of conservation of nomentum are assumed to be valid 
provided that the 
tial form 'IF =' HE 
to the way Newton 
cally defined as no 
lp = 
law of motion is expressed in its differen- 
(which actually is equivalent in principle 
expressed it) and momentum is rclativistically 
\v (which is complctcly diffcrent from 
the Newtonian expression of momentum p= MY). 
According to this in-terpretation, which represents the 
positivist view of scientific progress (Section 2.3.3e), 
the laws classical mechanisms are considered to be special 
cases of the laws of special relativity, when the velocities 
dp 
are small compared to the speed of light. 
The reduction of the laws of relativity to the laws 
of classical mechanics have been strongly criticized by 
Kuhn (1970'a)and Feyerabond (1975). They argue that the 
theory of relativity represents an ontological breakdown 
with the pre-existing paradigm and therefore the two 
theories should be considered irreducibly. They point out 
that, although employing apparently the same concept (e. g. 
mass, time, force), the meanings of these are so different 
that any reduction is spurious. Newtonian mechanics and 
relativity are to be considered, therefore, mutually 
exclusive paradigms* 
In 1916 Einstein presented a generalization of his 
theory, in order to include accelerated frames of reference. 
In the general theory of relativity the concepts of gravi- 
tation and acceleration are unified under the so-called 
principle of equivalence. The main consequence of the 
general theory is that Newton's gravitational theory is 
replaced by one in which the concept of a force is not 
necessary, and the motion of bodies is related to the con- 
figuration of the space, which is considered to be distorted 
by the presence of massive bodies. The general theory is 
in accordance with results predicted by Newton's gravitation 
theory in general, and in the very few cases in which both 
theories disagree in their predictions (procession of the 
perihelion of Mercury; deflection of light rays ýearstrong 
gravitational fields; the shift towards the red of light 
near gravitational fields) the experimental results have 
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favourcd Einstein's general theory* 
10.3 Children's Science 
The area of mechanics has certainly been the one in 
which the majority of studies on alternative conceptions 
have concentrated. Inside this area, the relationship 
between force and movement has been thoroughly explored 
and there is convincing evidence to support the statement 
that school children, and even some university students 
with a background in physics, tend to use pre-Ncwtonian 
ideas. when analysing movement. 
Driver (1973) employing a micro study method observed 
closely a small group of 11 and 12-year-old pupils during 
an introductory physical science course, during which topics 
like balancing systems, centres of gravity, the law of 
moments, action and reaction and the relation between force 
and tension were introduced. A number of alternative frame- 
works were identified, among them one iMDlying that a constant 
force will cause a body to move at constant speed* 
. Lebou-ted-Barrel (1976) describes a study in which a 
written questionnaire containing 10 questions was applied 
to more than five hundred high school students (age 11-16 
years) who had not yet taken a course in Physics, concluding 
that "the physical n6tions are physical notions only by 
name (force, power, speed ... ). There is no rigid correlation 
between the common use and the scientific concept. " What is 
being called scientific concept, is in this case the Newtonian 
picture of mechanics, 
Watts (1981,1983) interviewed pupils (age 11-18 years) 
using the Interview-About-Instances approach (Osborne 
and Gilbert, 1980) in order to explore-their conceptions of 
"force". He was able to detect eight different alternative 
frameworks. One of the common frameworks evident in the 
interviews was that forces are required to cause and maintain 
motion. 
Watts and Zylbersztajn (1981) used a questionnaire, in 
a multiple-choice-with-explanation format in order to assess 
the popularity of some particular alternative frameworks rela- 
ted to the concept of force derived from a study of literature. 
12S pupils at the end of the third year of secondary school 
(age 14 years) from four comprehensive schools participated 
in the study. Six of the twelve questions presented aimed at 
surveying the association between force and movementp the 
first three asking about forces on a stone thrown vertically 
upwards in the air, and the other three asking about forces 
on a cannon ball in flight from muzzle to ground. The 
responses to these questions indicated that about 8S% of the 
pupils associated force and motion: they saw the stone as 
having a force upward away from the person's hand as the 
stone moved upward and the cannon ball was seen to have a 
force away from the cannon, moving it through the air. 
There is evidence to suggest that the-pervasiveness-of, 
this belief is not to be found only among young school 
children who have not been taught the Newtonian framework-, 
For instance, Warren (1971) presented to 148 (in 1968) and 
to 193 (in 1970) science and engineering university entrants 
a simple problem involving uniform circular motion of a 
vehicle, requiring the students to represent the forces acting 
on it. Less than a third of the students represented the 
resultant force as being radically inward, and about half 
of each group represented the resultant force in the forward 
direction, showing an intuitive association between force 
and direction of movement despite years of formal instruction 
in physicso 
Viennot (1978) reported that several hundred students 
(mainly Frenchs but also British and Belgian) from the last 
year of secondary school to the third year of university, 
showed to apply a linear relation between force and velocity 
when answering paper-and-pencil test focussed on their 
predictions about the motion of bodies. The results suggest 
that for many students this intuitive relationship can be 
expressed as F=aV leading to: 
ifV=0 -* F=0. 
ifV0 -ý- F0 
'f Vl V2-+Fl F2 
even if a (acceleration) =/O 
even if a= 
even if a, 
= a2 
Not surprisingly this alternative framework was more 
likely to emerge in situations when intuitive reasoning 
was required, as for instance, when students had to compare, 
qualitatively, the intensity of the force acting on a body 
attached to--a-spring-at, thesame position-but-with different 
speeds. On the other hand, students tended to associate 
force with acceleration (as they have supposedly been taught) 
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wben presented with an equation of motion and asked to calcu- 
late the force. 
McCloskey, Caramazzaand Green (1980) asked university 
students to draw the path which objects, constrained by a 
tube to follow a curvilinear path on a horizontal plane, will 
follow when free of the constraint. Over half of thcm, in- 
cluding many who had taken physics courses, advanced answers 
showing a-belief that, at least initially, the objects will 
continue to move in a circular curved path. Interviews con- 
ducted after the experiment showed that most of the subjects 
who drew curved. pathways held the view that an object forced 
to travel in a curved path acquires a "force"-or a "momentum" 
that causes it to continue in curvilinear motion for some 
time after emerging from the tube. This force or momentum 
eventually dissipates, and the o6ject's trajectory gradually 
. becomes straight. According to the authors these beliefs are 
similar to some versions of the medieval impetus theory 
(Section 10.2.2), namely the self-expanding and the circular 
versions of it. 
Clement (1982) presents similar claims based on data 
obtained from written tests and videotaped problem-solving 
interviews. 88% of a group of 34 engineering students, which 
took a diagnostic test at the beginning of their first semester 
(most of them had had high school physics although not college 
physics) gave incorrect answers when asked to draw arrows 
showing the-forces on a-coin moving upwardsi:: In 90%, of the 
cases the error involved the drawing of a force arrow 
ýointing 
upwards. It is suggested that most students presented con- 
ceptions very similar to the "impetus" theory (Section 10.2.2). 
It is interesting to remark that the explanations advanced 
by the university students of Clement's study, when solving 
the coin problem, are similar to the ones presented by the 
third-year pupils wýo participated in the already described 
Watts and Zylbcrsztajn (1981) study when solving the equivalent 
stone problem. 
The studies described above support the notion that pre- 
Galilean ideas about force and movement are not only prevalent 
among school children, but also in certain cases persisting 
even after years of formal exposure to physics teaching. 
There is also evidence to suggest that, at least when pro- 
jectile motion (vertical or composed) is considered, the 
conceptions are closer to the medieval "impetus" theories 
than to the older Aristotlelian conception, 
10.4 Curricular Science 
The relation between force and movement is introduced 
in the four textbooks examined as part of the general treat- 
ment of Newtonian mechanics, which constitute one of the 
basic components of school physics. In all textbooks the 
relationship between force and movement is formalised in 
the presentation of Newton's laws of motion, particularly 
the first and the second. The general context and the 
specific patterns of presentation in the materials examined, 
do, in this case, sl, -Aow 2. diversity which suggested a di[ferent 
form of presentation of the analysis than the one adopted 
in the case of Light and Colour (Section 8.4). In that case 
the similarities in the curricular presentation made it 
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functional for the analysis to be centrcd on aspects of 
that presentation. In the present case, however, the 
diversity in the curricular presentation suggested a 
textbook-centred presentation of the analysis of the 
materials. In Sections 10.4.1 to 10.4.4, therefore, I 
consider each text in particular and in Section 10. S the 
relevant aspects are discussed in a more global perspective* 
10.4.1 Abbot's Ordinary1evel Physics. Mechanics is 
presented in the first part of the book (13 chapters). 
In the first three chapters basic concepts such as mass, 
weight, gravityl force, speed, velocity and acceleration 
are introduced, preparing the way for the presentation of 
Newton's laws of motion (Chapter 4)e Vectors are intro- 
duced in Chapter S, and Chapter 6 deals with statics. 
Chapters 7 and 8 are concerned with concepts such as work, 
energy, power, efficiency and with the study of simple 
machines. Chapters 9 to 12 are concerned with the study 
of pressure in liquids and gases, and Chapter 13 with 
molecular properties of matter from a mechanical perspective. 
From the point of view of the case study being now 
presented, Chapter 4, "Newton's Law of Ilotion" is central, 
Although this is true, some ideas concerning the concept 
of force and its relation to movement are presented in 
earlier chapters, which thereforp deserve consideration. 
The analysis presented here is based on the material of 
the first four chapters of the books, since those-are the 
gnes more directly related to the topic being considered. 
Although concepts like energy, work, power and pressure are 
important in secondary school dynamics, they are not annlysed 
here, because usually the relation between force and move- 
ment (the topic being focussed), as expressed by Newton's 
laws, is taken for granted in the presentations of those 
concepts. 
In Abbot's Ordinary Level Physics the way for the formal 
presentation of Newton's laws in Chapter 4 is prepared in 
the previous three chapters. In Chapters I and 2 the concepts 
of mass, weight, force, force of gravity, friction arc intro- 
duced and illustrated; Chapter 3 in its turn deals with kine- 
matical concepts (speed, velocity and acceleration) and with 
the description of motion by means of equations and graphs. 
Motion under constant acceleration, which is basic for curri- 
cular presentations of Newton's second law (F = ma) is spe- 
cially considered and illustrated with the case of free fall 
under the action of gravity, 
In Chapter 1, primarily concerned with measurements, the 
"mass" of a body is defined as: 
is * the quantity of matter it contains, and the basic SI unit o0i mass is the kilogram. The, standard kilogr; p-is the mass Of a certain glindrical piece 61_Tilatinum-iridium alloy kept at Sbvres. " 0 (Abbot, Ordinary Level Physics, p. 8) 
and shortly after: 
"Theveipht of a body is the force. it exerts on-mything which freely spMrts it, and normally, it exerts this force owing to the fact that it is itself being attracted touards the 
earth by the force of gravity, " 
(Abbot, Ordinary Level Physics, p. 9) 
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It is important to note that although weight is defined 
as a "force", and "force of gravity" is mentioned, tile con- 
cept of force had not been introduced formally at this 
stage. 
Assuming that the textbook is being used linearly, that 
could mean that the presentation is relying on the ideas 
of force that pupils bring from primary and middle school. 
It is normally assumed that school children at that stage 
possess an idea of force which is associated with sensorial 
attributes like "pushes" and "pulls". This sensorial asso- 
ciation is explicitly mentioned in Chapter 2. Force of 
Gravity. Weig t and Friction.. At the beginning of the chapter 
"force" is defined: 
'%bat is force? THe wora 'force' generally denotes a push or a pull. Now it is not possible to describe a force as we can describe some material-object such as an apple. We can only say what force can do. When a body is acted upon by a resultant force it will begin to move. If the body is already moving a force my alter its speed or alter its direction of motion or else bring it to rest. We therefore define force as follows: Force is thatt : which changes a body Is state of rest or of uniform motion in a straight line. " 
(Abbot, Ordinary Level Physics, P. 12) 
The implications of the definitions are not pursued 
in Chapter 2 (neither is the definition justified), and the 
rest of the chapter deals mostly with some properties of 
gravitational forces, weight and frictional forces. The 
properties illustrated are not, however, explored in con- 
nection with Newton's first law of motion, which is implicit 
in the definition of force stated. Although the relation 
between force and motion is left to be discussed in Chapter 4, 
in one of the cases treated in Chapter 2, this relation is 
of fundamental importance. The idea of "centripetal force" 
in circular motion is presented in a way that does not take 
into account the fact that in "children's science" force and 
direction of movement are closely related: 
"Centripetal Force 
It is important to grasp the idea that, to Reep a body moving in a circle there must be a force on it directed towards the 
centre. This is called the centripetal force. Before Newton's times it was believed that invisible spokes radiated out from the sun and pushed the planets round. Newton's insight into the problem convinced him that a push such as this was not 
necessary. The planets, carrying their atmospheres with them, 
go on moving in their orbits because the great vacuum of space offers no opposing to their motion. Centripetal force is, however, required to produce the continuous change 
of direction which occurs in the orbit and this is provided % by gravitational attraction. " 
(Abbot, Ordinary Level Physics, p. 14) 
This summary of how inertial ideas were introduced in 
astronomical movement does not make justice to the historical 
struggle between conceptions about motion that took place in 
the years between Copernicus' proposition of a heliocentric 
universe and Newton's proposition of universal gravitation 
(Kuhn, 1977b). It can also be expected that for childrent 
holding a pre-Galilean framework, this short paragraph will 
present very little in the way of helping them to change 
their conceptions and grasping the idea that to "keep a body 
moving in a circle there must be a force on it directed to- 
wards the centre". 
In the next paragraph the existence of centripetal force 
is demonstrated by reference to sensorial experience. Pupils 
are encouraged to try the classical experiment of swinging 
round a mass tied to a string, and it is suggested that: 
"The pull in the string which is providing the centripetal force can be easily felt and we notice that it varies according to mass, speed, and path radius. " 
(Abbot, Ordinary Level Physics, p. 14) 
The transference of ideas from this situation to the 
astronomical one is not immediate. Here the string can be 
imagined to act as the spoke which, in the previous para- 
graph, Newton was 'said to prove not necessary. Further- 
more, the force that is experienced by the holding hand is 
not centripetal, but actually the outwards reaction of the 
force acting on the swinging cross. With this sort of 
example the conception of a (non-existent) "centrifugal 
force" accounting for circular motion can only be reinforced. 
The. problems that this conception brings for the teaching of 
circular motion in inertial frames of reference have been 
discussed in several places, (e. g. Warren, 109; Gardner, 1981). 
The relation between force and movement is discussed in 
more detail in Chapter 4, in which Newton's laws are formally 
presented. The chapter starts with a brief "historical" 
introduction: 
"The study of mving bodies begun by Galileo Galilei in Italy 
was continued after his death by Sir Isaac Newton in England. In 1867 Newton published a book written, as was the custom in those days,, in Latin and given the title, Philosopýie naturalis 
principia mathematica. .... The Principia, as it is familiarly called, is regarded as one of the greatest scientific works ever written. It is devoted mainly to the study of motion, particularly that of planets and other heavenly bodies. In the first part of the book Newton sums up the basic principles of notion in three laws. In this chapter we shall discuss these laws and consider some of their applications. " 
(Abbot, Ordinary Level Physics, p. 35) 
Again, there is very little justice to historical 
developments in this quotation. The impression given is that 
the study of moving bodies started witli Galileo, who was 
referred to in Chapter 3 in connection with the study of 
falling bodies. There are no references, in all the book, 
to pre-Galilean theories in the study of motion. There 
are also no references to the interplay between developments 
in astronomy and in earthly mechanics which characterised 
the period between Copernicus and Newton, 
In the -rest of the chapter the three laws of motion are 
introduced. The form of presentation follows a similar 
pattern for the three: initially the law is stated (stressed 
in bold types) and afterwards discussed and illustrated by 
examples. For instance, after stating the first law as 
"Every body continues in its state of rest or of unifom motion in a straight line unless compelled by some external force to act otherwise. " 
(Abbot, Ordinary Level Physics, p. 35) 
the fact that is "common experience" that objects at rest 
do not begin to move by themselves is pointed out, and illu- 
strated by some "parlour" tricks. This aspect of the law 
conforms quite well with the expectations of most people. 
The troublesome part of the law is when moving bodies 
are concerned., as research on alternative conceptions indi- 
cates. To some extent this fact is acknowledged in the text: 
"It is not imediately obvious that a body moving with uniform velocity in a straight line tends to go on moving for ever without coming to rest". T'he fact is that no one has yet found a means of eliminating all the various out- side forces which can retard a moving body, 
(Abbot, Ordinary Level Physics, p. 36) 
The text goes on presenting some examples in which motion 
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is affected by air resistance, friction or forces like 
gravity. The hidden assumption of this sort of presentation 
is that, once aware of the effect of resistant forces, 
students will accept the inertial view of motion. It is 
stated, for instance, that: 
IlVhen a bullet is fired from a gun its motion is opposed both by air resistance and the pull of the earth. Sooner or later it returns to the earth, but it would be reason- able to syMose that, if air resistance and gravitation could be eliminated, the bullet would go on Tmving in a straight line forever. " 
(Abbot, Ordinary Level Physics, p. 36) (Emphasis added) 
The reasonableness of the supposition can be disputed. 
Aristotle (Section 10.2.1) was quite aware of resistant 
forces, but argued that if they could be eliminated (and he 
assumed they could not) the speed of the body would increase 
forever. Some impetus theorists (Section 10.2.2) assumed 
that in the absence of other forces, a body once in movement 
would continue in movement, but only because the "impetus 
force", once imparted, would be conserved and sustain the 
movement; others assumed that the "impetus force" would be 
self-expandable, even in the absence of resistive forces. 
It is doubtful whether, for a large number of pupils, the 
simple awareness of friction would make it "reasonable" for 
them to dissociate. force from uniform motion. But that is 
the essence of the first law, as the text recognizes: 
"It is important to realize that, once a body. is moving with uniform speed in a straight line, it needs no force to keep it in motion provided there are no external opposing forces. " 
'(Abbot, Ordinary Levcl Physics, p. 36) 
The idea is then summed up with the abstract concept 
of "inertial', which is said to describe the tendency of a 
body to continue in rest or moving in a straight line. 
In the rest of the chapter the treatment becomes more 
quantitative, with the definition of the concept of momentum, 
and the presentation of the second and third laws, and the 
principle of conservation of moment. The emphasis is then 
turned to quantitative applications of formulae such as 
F= ma or mlvl = m2v2, as the worked examples and the 
questions at the end of the chapter do show, 
The changing from the pre-Galilean view (force always 
in the direction of movement) to an inertial view of notion, 
apparently is. not seen as very problematic. It is quite 
symptomatic that none of the 16 questions at the end of the 
chapter are directed to the assessment of the pupils' under- 
standing of the relation between force and movement at a 
conceptual level. Since the importance of that understanding 
is mentioned in the text (see last quote), it can only be 
assumed that the absence of questions assessing it indicates 
a tacit assumption that this understanding would be unproblem- 
atico 
10.4.2 Nelkon's CSE__Physics. As in Abbot's text, mechanics 
is presented in the first part of the book. Although in 
Chapter 2. Molecules and Matter, forces between molecules 
are already mentioned in order to explain. phenomena like 
elasticity and surface tension, mechanics is more formally 
dealt with in Chapters 3 to 7. Here the order of presentation 
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is reversed in relation to Abbot's. Statics work and energy, 
and forces and pressure in fluids are introduced first, and 
dynamics is treated in the last chapter in the mechanics 
section. The logic of this pattern of presentation seems 
to be that, differently than in dynamics, statics can be 
dealt with by assuming an intuitive idea of force associated 
with muscular sensations like "pushes" and "pulls". As with 
Ifforce", the idea of "mass" is used from an intuitive point 
of view in Chapter 2 and employed freely in the definition 
of-(Iensitye 
In Chapter 3. Forces and Moments Centres of Gravity, 
devoted to the study of statics, use is made of the intuitive 
association of force with muscular sensations: 
"A push and pull are examples of forces. If a girl pushes a pram she feels the force exerted by her muscles, which become taut .... A boy throwing a cricket ball feels a force in the same way. " 
(Nelkon, CSE Physics, p. 38) 
After presenting some ways in which forces can be 
described (tension in a rope, weight, reactions, friction) 
and introducing the Newton as a unit of force, the rest 
of the chapter is concerned with statics, 
The relation between force and movement is treated 
formally in Chapter 7. Dynamics. The first half of it 
deals actually with kinematics (speed, acceleration and 
graphs). Dynamics is defined in the beginning of the 
chapter as: 
"Dynamics is the study of motion and of the forces which keep an object in motion or oppose its motion. " 
(Nelkon, CSE Physics, p. 120) 
This definition of dynamics, to some extent, matches 
the alternative conception which assumes a relation between 
force and any kind of movement, since it seems to assume 
that forces are needed to keep an object in motion. The 
introduction of the chapter ends with a "historical" note: 
0 "The founder of mechanics is generally recognised to be Sir Isaac Newton, who published a work called Principia in 1687, in which 'Laws of %tion' were clearly stated for the first time. " 
(Nelkon, CSE Physics, p. 120) 
If. in Abbot's text only the impression was given that 
the study of motion started with Galileo and reached its apex 
with Newton, here it is clearly stated that it was founded 
by Newton. As it was seen in Section 10.2, this idea mis- 
represents the historical development of ideas concerning 
motion. Certainly the subject was studied before Newton; 
that the previous conceptions were superseded by the Newtonian 
formulation is quite a different point. 
The idea that a force produces a change in the movement 
of an object is introduced in the beginning of the second 
part of-the chapter, which is concerned particularly with 
dynamics: 
"Force 11' you collide with someone while walking, your motion is immediately checked. A force, due to collision, thus produces a change in velocity. Uben a train starts from a station its velocity increases from zero. A force, due to the metal chain or link connecting the train to the engine again produces a velocity change. If a tennis or cricket ball is hot, or a football is kicked, the force at impact produces a velocity 
increase. All these examples show that, in gcneral, a force produces a change in the motion or velocity of : an object. " 
(Nelkon, CSE Physics, p. 134) 
In the following section the idea of friction is dis- 
cussed and the fact that, ýiith reduced friction, motion 
tends to persist for longer, is presented. This prepares 
the way for the presentation of Newton's first law. The 
presentation of the law is supported by reference to cxperi- 
ments with dry ice pucks and stroboscopic photographs showing 
that with friction reduced to a very low level the object 
tends to present a uniform motion, or to remain at rest* 
The first law is then formally stated: 
"Newton's first law summrizes experience. It may be stated: Every object continues in its state of rest or unifom 
mition in a straight line unless impressed forces act on it, " 
(Nelkon, CSE Physics, p. 137) 
As in Abbot's the implicit idea in the presentation 
is that, once aware of the existence of frictional resistive 
forces, children will more easily accept an inertial concept- 
ion of motion. The same sort of comments made before can 
be applied to the present case. As in Abbot's the concept 
of "inertial' is introduced: 
Newton's first law recognized that objects have a reluctance to mve when they are at rest. They also have a reluctance to stop when they are mving. Objects thus have a certain amount of inertia. " 
(Nelkon, CSE Physics, p. 137) 
After this statement, "mass" is presented as a "measure 
of its inertia" and the relation F= ma presented. This is 
followed by a short discussion about circular motion and 
centripetal force. The idea that the centripetal force is 
directed towards the centre of movement is justified by 
appeal to sensorial experience: 
"In the case of a stone whirled round in a circle, the force is due to the tension in the string - we can feel the force on the band as the stone is whirled round. It is called a centripetal force because it acts towards the centre of the circle in which the stone is moving. " 
(Nelkon, CSE Physics, p. 139-140) 
The same comment made in relation to Abbot's presentation 
of centripetal force is valid here, The force that a person 
feels when whirling a stone is actually directed outwards, 
being the reaction to the inwards force exerted by the 
person on the stone. It is not very difficult to imagine 
that this sort of statement can actually be quite confusing 
for children holding a conception linking force and direction 
of movement. 
Again, as in Abbot's, none of the questions at the end 
of the-chapter are directed to the probing of the pupils' 
understanding of the relation between force and movement, 
as expressed by Newton's first law. Again, it can be 
assumed that this understanding is regarded as unproblematic, 
10.4.3 Jardine's Nat Phil. The presentation of mechanics 
in Nat Phil follows a rather different pattern when compared 
with the two texts analysed before. First of all it is 
presented in the form of a "spiral" approach, with the same 
concepts being treated in different parts of the material, 
at different levels. This is clearly noticed when topics 
presented in Nat Phil 3 and Nat Phil 4 (directed to the 
Scottish 0 Grade) are revisited in Nat Phil S (directed to 
the Scottish Higher Grade). But even in the first two 
volumes, directed to the same grade, mechanics, and partilm 
cularly the relation between force and movement, is not 
presented in linear fashion. Another aspect in which the 
presentation in Nat Phil differs from the two texts pre- 
viously analysed is in that it follows a more discoursive 
approach, usually illustrated by historical examples. As 
will be seen, however, the image of science conveyed by 
the historical illustrations is, to a large extent, an empi- 
rical-inductivist one* 
The relation between force and movement is first dis- 
cussed as early as in the Introduction (Nat Phil 3), In 
this chapter some basic concepts of pre-O Grade physics are 
briefly summarised (energy, matter, kinetic theory, states 
of matter, conduction and convection, work, electric charge 
and energy transfer). The section concerned with forces 
starts with a picture of a space ship accompanied by the 
following text: 
"A space ship-coasts along merrily, its rocket motor switched off. No force is needed to keep it going. If this seems odd to you it would have seemed even more odd to Aristotle! Galileo, however would have sinply uttered II told you so! I By carefully studying and measurinpr the motion of such thinps Cl as a swinging pendulum or a rolling ba 1 Galileo came to the conclusion that thiFiN-as the way things-are. This tendency of a body to stay put or to keep moving once started we call inertia, a word which suggests that, like some humans, things tend to resist changes of any kind. " 
(Jardine, Nat Phil 3, p. XIII) (Emphasis added) 
In this preliminary statement the idea of uniform 
motion without force is introduced as one which, although 
"odd" (for us and for Aristotle), was reached by Galileo 
through "studying and measuring" the motion of real bodies, 
This empiricist view of Galileo's-approach has bcen dis- 
credited by modern philosophy and history of science (Section 
10.2.3). 
Another aspect of the statement is the contraposition 
between Aristotle and Galileo. This is a recurrent theme 
in Jardine's Nat Phil: Galileo representing the modern 
(empiricist and scientific) approach to knowledge and 
Aristotle, the old (metaphysical and philosophical) one, 
In the next paragraph the effect of friction is 
introduced: 
"Our normal experiences, like Aristotle's two thousand years 
ago, suggest however that things do not go on moving inde- finetely. They come to rest or change direction because forces act on them. Air resistance - the bombardment of air noldecules - slows down an airplane and friction - the force acting between two surfaces in contact - changes the direction of a racing car. Forces are of course needed to get stationary bodies moving. It was left to the genius of Sir Isaac Newton to define force precisely and in such a way that it could be measured accurately. The unit of force we now use is named after him. " 
(Jardine, Nat Phil 3, p. XIV) 
Here, as in Abbot's and Nelkon's texts the explanation 
coincides: bodies tend to present an inertial behaviour, 
but normally they do not because of the effect of resistive 
forces (see Pp. 10-28- -for. a critique of this eX Dlanation)e 
It is also interesting to note that as in the previbus, books 
the word "inertial' is introduced,. and in this case with a 
strong animistic connotation )".. like some humans, things 
tend to resist changes of any kind"). 
After a unit on wave motion and light (four chnpters), 
the study of motion is started in a more formal wny in 
Unit Two. Matter on the Move (1) - Mechanics nnd Hent of 
Nat Phil 3. This unit consists of six chnpters: two on 
time measurements and kinematics, two on the relation between 
force and motion, one on mechanical energy, and one on licat 
from a kinetic point of view. The relation between force 
and motion is initially discussed in Chapter 7. Newton 1- 
Uniform Motion, (Nat Phil 3), from the point of view of the 
Principle of Inertia and Chapter S. Force_, Mass and Motion 
consists of a qualitative introduction to the second law, 
Chapter 7 begins with references to Aristotle's physics 
and to its common sense basis: 
"Aristotle and Common Sense In his Wchanics Aristotle said that a I. moving body comes to a standstill when the force which pushes it along can no longer so act as to push it!. It is hardly surprising that for 2000 years this doctrine was accepted, considering that it describes what happens in our everyday experience. Try pushing a box, a bicycle, or a ball. Each will come to rest soon after you stop pushing it.. " 
(Jardine,, Nat Phil 39 p. 67) 
The fact that Aristotqkýý% physics had problems in 
explaining projectile motion is pointed out, and some of 
the theories advanced by AristotcUans. mentioned, such as 
the one based on antiperistasis (Section 10.2.1). From 
Aristotle's theory of motion a historical "jump" is made 
to Galileo. The "impetus" theory, which provided a solution 
to the probl, em of projectile motion which was accepted 
during the Middle, Ages, and which influenced the-development 
of Galilean physi*cs (Section 10.2.2), is not mentioned at all, 
The work of Galileo is presented after some short bio- 
graphical details. It is pointed out that: 
"Galileo challenged many of the beliefs of Aristotle and his followers and in particular their vicnqs on motion and gravity. lie did not try to answer the question, 'Why does a body keep moving? ' lie simply stopped asking it! Ile said it was better for people 'to pronounce that wise, ingenious, and modest sentence, "I kmow it not" rather than to suffer to escape from their mouths and pens all manner of extravagancies-1 Suppose it was just 'natural' for a body to move as it is to stay still. Then ought we not rather try to discover what stops moving objects? If it is 'in the nature of things' to keep moving the wonder is that things ever comc to rest at all! " 
(Jardine, Nat Phil 3, p. 67) 
In the quotation above Jardine, rightly, states one 
of the major differences between Galilean physics of motion, 
and its predecessors, i. e. a change of outlook on what wds 
to be considered natural and therefore does not require 
explanation, or "ideals of natural order" (Toulmin, 1961). 
only what deviates from that ideal is supposed to require 
an explanation (e. g. accelerated motion). With Galileo, 
the "ideal of natural order" included not only rest but 
also uniform motion. That is, an ontological equivalence 
between-rest and motion was established (Section 10.2-3). 
In the next paragraph, however, the empiricist image 
of Galileo appears again: 
"2ne of the eneriments Galileo used to investigate mtion was not unlike the E-e-nt curtain. rail illustrated--in Fig. 7.2* 
I I 
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When the rail is bent to position ABC, a ball released at A 
will rim down the 'rail and up to C which very nearly is the same height as A. With the rail bent to position ABD the ball rises to nearly the same height at D. If then, the process of unbending is continued thc: rail will eventually be in position ABF where BF is horizontal. Will a ball released from A now go on trying to 'raise to the height from i&ich it started? If so, the ball should go on inde- finitely at a constant speed. Of course in practice the ball stops because it is impossible to get rid of friction* But Galileo believed that if all frictional forces could be removed, the ball would go on for ever. " 
(Jardine, Nat Phil 3, p. 67-68) (Emphasis added) 
The account presented suggests very strongly that the 
experiment described was used by Galileo "to investigate" 
motion. In reality, this "experiment" was presented in. the 
"Dialogue" as part of an argument,, and it was one of the F "thought experiments" used by Galileo when presenting his 
ideas - 
In the rest of the chapter, the effects of resistivc 
forces of friction are illustrated, and examples of motion 
under reduced friction (air tracks; hovercraft, astronauts) 
. are presented as examples of early uniform speed* 
The concept of inertia is presented as: 
"This property of matter which tends to keep it still or travelling in a straight line we call inertia. This does 
not explain it - it simply labels it. Galileo's answer to the ancient question IV61hat keeps a stone moving' was 
simply IlVe do not know, but we can discover what makes it slow down on stop'. " 
(Jardine, Nat Phil 3, p. 69) 
Probably, it would have been more accurate to say that 
Galileo's answer was that uniform motion was as a natural 
state for bodies as it was rest, and therefore no explana- 
tion was needed. 
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The problems presented at the end of the chapter do 
attempt to assess pupils' understanding of the Law of Inertia, 
from a qualitative and conceptual level, mainly in its 
relation with frictional forces. In the questions presented 
only retilinear motion is considered. This reflects the 
fact that, on the presentation of Chapter 7, no cases of 
motion other than retilinear were considered, 
Chapter 8. Force, Mass and Motion (Nat Phil 3) is mainly 
concerned with the introduction of some qualitative ideas 
about Newton's Second Law. I'Mass" is presented as the 
"quantity" of a substance and associated with the idea of 
inertia. From a description of experiments using trolleys 
and ticker-tapes it is concluded that the acceleration of 
a given mass is directly proportional to the force acting 
and inversely proportional to the mass, 
- The study of mechanics continues in Unit Four. Matter 
on the Move (2) - Mechanics and Heat (Nat Phil 4), in which 
certain topics presented in Nat Phil 3, are revisited, and 
the treatment is more sophisticated from a mathematical 
point of view. In Chapter 15, the first in the unit, vectors 
are introduced, and some simple ideas of vectorial kinematics 
presented, including the notion of relative movement and 
relative velocity. Chapter 16. Newton 2- Force, Mass and 
Acceleration (Nat Phil 4) presents a more formal and quali- 
tative treatment of the ideas introduced in Chapter 8* In 
particular, the F= ma version of Newton's Second Law is 
stated. The problems in the long series presented at the 
end of the chapter are mainly concerned with the application 
of the expression F= ma in a variety of circumstances involving 
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retilinear motione 
Chapter_17. Gravityand Project_i_lc_s (Nat Phil 4), deals 
with two-dimensional motion, and the motion of projectiles 
is explained by considering the independence between the 
vertical movement (fall under the action of gravity) nnd the 
horizontal movement (no forces acting). The idea of circular 
motion is illustrated by considering the motion of a satellite 
but is not explored. The impression given is that, at this 
stage, pupils are expected to see the relation between force 
and movement from an inertial point of view. In the text of 
Chapter 17 there is not a single diagram illustrating the 
direction of the force acting on a projectile or on a body 
moving in a circular path. In 4 of the 12 problems presented 
at the end of the chapter, however, the student will have to 
make use. of the fact that the force acting on a projectile 
is not in the direction of motion. These sort of problems 
can help a perceptive teacher to assess the students' under- 
standing of the relation between force and motion* 
The rest of Unit Four deals with the Principle of Con- 
servation of Momentum and Newton's Third Law (Chapter 18. 
Newton 3- Interaction); with energy and work (ýhapter 19. 
Kinetic and Potential EneE&X); and heat (Chapter 20. Internal 
Energ ). 
Nat Phil 5, the last book in the series is directed to 
the Scottish Higher Grade. Most of the topics presented in 
Nat Phil 3 and 4 are revisited and the level of the mathe- 
00 matical, apparatus increased. Mechanics is treated in lUnit 
One. ' Matter in Mdtion. ChaDter '1'. ' Mdti'on (Nat Phil S) presents 
motion from the point if view of kinematics, and Cha2ter 2. 
Principia (Nat Phil 5) presents a summary of Newton's laws 
and applications* In this stage (if grade), students are 
certainly expected to have an inertial perspective of motion, 
and the text does not attempt to teach then. this view, 
10.4.4 Revised Nuffield Physics. The presentation in this 
curriculum differs from the others in some substantial ways, 
Being based on an 11 inquiry' approach", the pupils' texts 
consist basically of descriptions of experiments to be per- 
formed and questions about them. Therefore the style is far 
less discursive than the normal textbooks. On the other hand, 
the material-includes also teachers' guides. In these, 
pedagogical advice, in the line of the so-called "Nuffield 
. spirit" is presented. On occasions some background reading 
for teachers is included, and some of these go beyond the 
scope of the material to be learnt by the pupils. 
The curriculum is designed to suit, ideally, the five 
years of secondary school (at O-Level standard). The study 
of ideas related to force follows a "spiral approach" with 
the topic being introduced at-an elementary level in the 
first year, and being revisited in later ones* 
In the first two years pupils are expected to gain 
acquaintance with materials and their properties and 
behaviour. In Year 1. ideas about forces and presented 
from the intuitive'sensorial point of view of "pushings" 
and "pulls". Words such as force, weight, balancing, 
pressure are used informally in connection with some experi- 
ments. The first chapter of Year 2- Chapter 9. About Forces, 
returns to the ideas of force which have implicit in the 
first year and the experiments and demonstrations are 
designed for pupils to: 
it see and feel the forces involving in deforming things isiretching, compressing, twisting, bending), to discuss briefly the I turning effects of forces I, and to experience the forces of attraction and repulsion between magnets. " 
(Revised Nuffield Physics, Teachers Guide Years 1 and 2. p. 97) 
The study of forces and their effects is therefore 
basically, at this stage, a statical one. A more dynamic 
treatment of the subject is started ifi Chapter 12. More 
abour forces (Revised Nuffield Physics, Year 2). Here 
"weight" is described as the "pull of the Earth" and 
"Newtons" presented as units for measuring forces and the- 
difference between "weight" and I'mass" (a "stodginess" of 
the stuff) stressed. The treatment is very informal and 
forces are strongly related to muscular "pushes" and "pulls". 
An important aspect of Chapter 12 in relation to the 
study of force and movement in following years is that it 
introduces experiments and demonstrations designed to in- 
crease the pupils' awareness of the effects of frictional 
forces either between solid surfaces or between a solid 
moving in a fluid (liquid and air). Teachers arc advised 
not to try to extract laws from the experiments or to ask 
pupils to verify laws presented to them. Instead: 
"The effect of adjustable fluid friction in bringing a falling 
object to a terminal speed should be explored, in preparation for Newton's in later years. To children, as to adult Greeks, 
constant speed is the natural result of a steady force, and we need to face this before we can say that Newton's first law tells the same story. " 
(Revised Nuffield Physics, Teachers' Guide, Years I and 2, p. 131) 
In this passage teachers are briefly reminded of a 
facet of "children's science", but the issue is not pursued 
further either in its pedagogical or historical aspects. 
The role to be played by the study of friction, however, 
is considered in more details in a later paragraph: 
I 
"Fluid friction is interesting and forms a valuable beginning for Newton's laws of motim. Instead of announcing Newton's laws as the right rules, as one might do in discussing things with a mature student, we shall be wiser to start looking at motion with friction, which is more common in the real world. Solid friction does not give such an interesting story as fluid friction, which has the important property of increasing its force with increasing speed. So a body whose motion is controlled by. fluid friction will, if pulled by constant force, approach a constant speed (terminal velocity). " 
(Revised Nuffield Physics, Teachers' Guide Years 1 and 2, p. 136) 
In this case what was an implicit assumption in the 
other textbooks examined is in the last two quotations 
more clearly spelled out: by getting pupils aware of the 
effects of friction, the way to Newton's law can be eased. 
Although the examples presented in Revised Nuffield Physics 
are more sophisticated than those in the other texts, since 
they include an exploration of-terminal velocity in fluids, 
the same comments made when analysing the other curricular 
materials are applicable. Basically the phenomenon can 
also be accommodated by an "impetus" type force theory at 
least from a qualitative point of view. It can be argued 
for instance that when the state of constant speed is 
reached, the resistive force of the fluid does not equal 
the gravity force, -but just "cancels" part of it. What is 
left is enough to keep the body moving at the speed reached, 
but not to increase it. 
The relation between force and movement from an inertial 
point of view is for the first time introduced during the 
third year in Chapter 4. Motion and Force (Revised Nuffield 
Physics, Year 3). The treatment is qualitative and intended 
to serve as a preparation for the more formal study of 
mechanics which constitute an extensive component of the 
fourth year. Chapter 4 also serves the purpose of intro- 
ducing the pupils to the basic apparatus they will use in 
the experiments in mechanics such as trolleys, ticker-tape 
timers and friction compensated runways. In this chapter, 
as in the whole programme teachers are suggested to: 
it... take FORCE as a basic well-understood quantity in dynamics. We describe FORCE as a push or a pull and 
expect pupils to accept the measurement of force by spring balances on stretched elastics threads. This differs from the professional. convention that. take MS 
as basic and understood a priori, and defines force as MS x ACCELERATION. " 
(Revised Nuffield Physics, Teachers' Guide, Year 3, 
p. 125) 
What is referred to as a profcssional-convention is 
one of the "scientists' science" interpretations of the 
relation between force, mass and acceleration (Section 10.2.4). 
Mass is, in its turn, considered a more unfamiliar concept: 
"For O-Level pupils, we consider that force is something they can feel and we know that mass is an unfamiliar difficult concept. Indeed, we hope that by the end of the O-Level programe pupils will have gained a feeling for na5s which will make it easier for them to understand 
space travel, atomic physics, npclear energy, 
(Revised Nuffield Physics, Teachers' Guide, Year 3, 
p. 125) 
On this particular issue, Revised Nuffield Physics 
departs from the other textbooks, which seem to assume 
that mass is an easier concept, and that the only difficulty 
is to separate it from the idea of weight. 
After an introductory part in which pupils are expected 
to observe the movement of bodies in inclined planes (by using 
trolleys and ticker-tapes) they are presented with a demon- 
stration based on Galileos "thought experiment" considering 
a ball rolling up- and-down between two inclined planes, and 
another demonstration based on a pendulum (Figure 10.2). 
Teachers are oriented to invite pupils guesses on the questions 
presented I about 
the behaviour of the ball in the limiting 
cases of "no frictional forces" and "no slope at all". The 
conclusion ieacbe'd by Galileo (that the ball Will move on 
indefinitely) is then presented as a case of movement with 
no force. Again, the assumption in the presentation is that, 
once-frictional forces are accounted for, Newton's first law, 
logically and immediately follows. This Assumption is stressed 
in the teachers' guide. -. After remarking that in common sense 
physics, a body with no force acting on it tends to come to 
rest, it is pointed out that: 
00 Y'That is just what an intelligent person would think if he 
watched things in ordinary life. Friction is all around us. No wonder the Greeks arrived at intelligent laws for motion controlled by friction. " 
. (Revised Nuffield Physics, Teachers' Guide, Year 3 p. 138) 
The Principle of Inertia is then demonstrated by 
situations in which bodies move under little effect of frict- 
ional forces such as a block of solid CO 2 or a brasspuck 
filled with C02., 
Dcmonstration 63 
Downhill-and-Uphill Motion 
What wouldhoppen to a trolley which runs down- hill and then runs along the level and then meets an uphill slope? See the demonstr2tion sketched with 
a rolling b2ll inste2d of a trolley. 
How would you explain this experiment's failure to give the simple result you might hopefor? 
Demonstration 64 
Galileo's Pin-and-Pendulum Experiment 
Three and2half centurieS2go Galileo argued 
about that downhill -and -uphill experiment. He 
wanted to do it without any trouble from friction; 
and he succeeded. See Galileos (almost) friction- less experiment. 
122 
Motion with No rofco 
A thought expcHnient Fccling quite wfe 
that ihe simplc result is thc truc one, except for friction, Galileo carried out a 'thought cxperi- 
ment' in his head. You may call that just an skrgu- 
ment; but in sk way fie was doing a proper scicritific 
expcrimcnt because he was using inrorM21ion from other things lie had seen. 
I; 
I 
lie imagined the ball running doý%m one hill and up another steep hill; then hcM2de the 
second hill less steep; then still less steep until finally the second hill-in his imagination-did 
not Slope at all. See the sketches. What doyou think the ball would do in that last case, if it did not suffer anyfriction? 
3a"tt 1; 
Fig. 10.2 Galileo's thought experiment as presented in Revised Nuffield Physics - Pupils' Text, Ycar 3@ 
The concept of 'inertial' is introduced to account for 
the behaviour of bodies: 
"Inertia: We say that every object possesses some 'INERTIA, some quality which nukes it difficult to start or stop or accelerate. We believe that an object's inertia would be just the same on the ýIoon although gravity would pull it much less there. " 
(Revised Nuffield Physics, Pupils' Text, Year 3, p. 125) 
And in the next paragraph inertia is equated wl*th mass: 
"A shorter name for inertia. We often say MSS instead of INERTIA. However, we still use the word 'inertia' because it reminds us of 'laziness' of matter, and MASS is the measured amount of inertia, measured in kilograms. " 
(Revised Nuffield Physics, Pupils' Text, Year 3, p. 126) 
The rest of Chppter 4 deals informally with cases of- 
movement under the action of a force such as the retilinear 
motion of a trolley under a steady force, and the free fall 
of objects. At the end. of the chapter, the idea of the in- 
dependence between the horizontal and vertical motions of 
a projectile is introduced. Teachers are oriented to present 
these cases in an informal way regarding them as an induction 
for the more formal treatment of dynamics to be presented 
in the fourth year. 
In the fourth year Section I. Mechanics, consists of 
five chapters, in which ideas introduced in the first three 
years are consolidated and extended in a formal and quanti- 
tative way. Newton's laws of motion are illustrated by 
experiments; the second law is considered in terms of 
momentum changes and the third law in terms of conservation 
of momentum. This knowledge is then extended in Section 2. 
Gas*es in which a mechanical model is applied to the kinetic 
theory. 
Chapter 1. Motion (Revised Nuffield Physics Year 4) deals 
basically with kinematical ideas such as motion, speed, 
acceleration and free fall. The experiments suggested make 
extensive use of measurements with the ticker-tape timer. 
In general the chapter can be considered as a revision of the 
material studied before. It was also designed to help pupils 
entering the scheme in the fourth year to catch up with the 
laboartory equipment (trolleys, timers, etc. ) and procedures. 
In Chapter 2. Force, Mass, _ Acceleration (Revised Nuffield 
Physics., Year 4) the main aim is to introduce Newton's second 
law in the form F= ma. Pupils are expected to use (with 
the teacher's help) a mixture of hypothctico. - deductive and 
inductive approaches to study (using trolleys and ticker- 
tape timers) the effects of mass and force on the acceleration 
of bodies. Concepts like mass, weight, gravitational field 
and acceleration of gravity are revisited. At the end of 
the chapter Newton's Second Law is applied to explain some 
paradoxes in fluidynamics. Apart from the normal questions 
related to the experiments, a series of qualitative problems, 
involving the application of the expression F= ma i1s, also 
included. The treatment in Chapter 2, considers the Second 
Law only in relation to retilinear motion, 
Cha ter 3. Newton's First Law (Revised Nuffield Physics, 
Year 4) is to a larger extent a repetition of the views and 
approach already- presented in the third year. The First Law 
is stated and its anti-common-sense nature explained in terms 
of frictional forces acting in the real world. Galileo's 
thought experiment considering the ball and two inclined 
planes is presented again and so are the demonstrations with 
the solid block of C02 and pucks. The need of treating the 
first as a separate topic is justified in the teachers' guide: 
"Although we regard Newton's First Law as a special case of the Second Law, pupils do not recognize it as that - any more than did philosophers at the time of Galileo and Newton who found in it a change of view concerning the moon and the planets -a shattering denial of the current astron6mical explanation. It seems wise to discuss the First La%4 with pupils as a, separate topic. " 
(Revised Nuffield Physics, Teachers' Guide, Year 4, p. 53) 
The rest of the chapter deals with the concept of mass, 
its relation to inertia and its measurement. The section on 
mechanics in the fourth year ends with Chapter 4. Momentum 
Conservation of Moment and Chapter S. Kinetic Energy; _ Conser- 
vation of P. E. + K. E. The former presents the Second Law 
using the concept of momentum and links conservation of 
momentum with the Third Law; the latter deals with mechanical 
energy and its conservation, 
The study of mechanics in Revised Nuffield Physics 
continues during the fifth year. Chapter 1. Motion in Orbit 
(Revised Nuffield Physics, Year S) deals with circular 
motion and forces acting on a curved trajectory. Orbital 
motion of satellites is presented as an extreme case of 
projectile motion, following Newton's "thought experiment" 
of an orbiting cannon ball. The formuli for centripetal 
acceleration and centripetal force in uniform circular 
motion are presented. This knowledge is used then in Chapter 2. 
Measuring Electrons, (Revised Nuffield Physics, Year 5) for 
studying the movement of charged particles in electric fields 
perpendicular to the original trajectory. It is assumed that 
at this stage, students would be able to dissociate the 
direction of movement from the direction of the force acting 
on the body. The study of non-retilinear cases of motion 
in Chapters 1 and 2, can be used by the teacher to check and 
reinforce this view, 
Chapters. 3,4 and 5 are presented as home readings for 
students.. They constitute an historical account of astrono- 
mical theories from the Greeks to the Newtonian synthesis, 
and were included in the specific purposes of showing an 
example of a physical theory (Newtonian Mechanics) being 
built and used. In the historical presentation the relation 
between the developments in mechanics and the changing views 
in astronomy is not fully explored. Although for instance 
the influence of the Galilean mechanics in Newton's work, 
mostly concerned with astronomical developments, is rightly 
acknowledged, the influence of Copernican astronomy in the 
shaping of Galilean mechanics is hardly mentioned, 
10.5 Discussion 
In this section I will discuss some aspects of the 
curricular treatment of force and movement in relation to 
"scientists' science" and "children's science". As in 
Section 8.5 the aim is twofold. First, the discussion is 
aimed at integrating and deepening some comments made in 
the analysis of the curricular materials; second, it intends 
to illustrate how. a. consideration of "Iscibntists" --sciencell 
and "children's science" can inform the analysis of "curri- 
cular science". 
Although the presentation of the topic variedwidcly in 
the materials considered, there was one common logic under- 
lying the introduction of the inertial view of motion, and 
that was related to the role played by frictional forces, 
This logic of presentation can be summarised in the following 
sequence: 
a) A force is a "pull" or a "push". This builds on 
the intuitive association between force and muscular effort 
which is reinforced during the first years of secondary school. 
b) A body at rest will continue at rest if there is not 
a resultant force acting upon___it. A "common- sense" based 
proposition* 
c) A body in movement will__s_top if there ils not an 
apparent resultant force actingupon ite Another "common- 
sense" based preposition. In this case, however, the "common- 
sense" is deceived. 
d) Bodies in movement are usually actcd_by non-apparent 
frictional forces. Therefore they tend to stop. This happens 
not because there are not any forces acting on the body, but 
because there are frictional forces opposing its movement. 
Thereforep 
e) A body in motion will continue to move in the absence 
of acting forces, including_frictione 
Forces are used, to.. change, the speed- or the. .. dircction. 
UIII 
of movement* 
The implicit assumption in this logic of explanation is 
that, once aware of the effect of frictional forces, pupils 
will accept easily an inertial view of motion. Ilowcvcr, as 
research on alternative conceptions (Section 10-3) and the 
analysis of the lesson extract to be presented in the chnptcr 
suggests, the assumption is doubtful, 
A close look to the historical development of the 
scientific vicws about the relation between force and move- 
ment also indicates that the transition to an inertial view 
of force included for more than the recognition of the effect 
of frictional forces* 
Early Aristotelians and more sophisticated "impetus" 
theorists were quite aware of the existence of friction. 
Aristotle, indeed, assumed that a "vacuum" could not exist 
and therefore friction was inherent in his theory of motion 
(Section 10.2.1)o Nevertheless, Aristotlelians and "impetus" 
theorists were quite able to accommodate, at least from a 
qualitative point of view, the existence of friction with 
the need of a force to keep h body in movement. A similar 
accommodation can occur in the case of pupils and some ways 
of doing it have been described in the last section . (pp. 10 28 
and 10-43) 
More than the simple acknowledgement of the resistive 
effect of frictional forces, what. the adoption of the inertial 
view of motion involved, was a change in the ontology of 
motion, that-is uniform motion-was given the same-ontological 
level as rest: both were to be considered as states tending 
to be conserved, and therefore not needing to be explained* 
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In this new perspective only changes in movement need an 
explanation, hence the concept of force. Only one of the 
texts examined (Jardine's Nat Phil) mentions the ch4-ingc on 
i; hatwas to be considered "natural" and what not in relation 
to the transition to an inertial view of motion* 
The main problem in the logic underlying the intro- 
duction of inertial view of motion, summariscd above, is 
that it "puts the cart in front of the horse": an explanation 
of why moving bodies tend to come to rest based on friction, 
makes sense only in an inertial framework. For most children, 
intuitive "impetus" theorists, the problem of friction is 
actually not a problem, and the simple mention to it does 
not necessarily lead to a change of perspective as the 
analysis of the lesson extract to be presented in the next 
chapter. illustrates. Although all the curricula examined 
do, actually, refer to. the anti-intuitive nature of Newton's 
First Law, 'the reason for it is located in the wrong place. 
The inertial point of view does not simply offend common 
sense because people are not aware of friction, but because 
it situates uniform motion and rest at the same ontological 
levele 
If curricular presentations were more historically 
orientated some of the pupils' difficulties in accepting the 
inertial view of motion would. become more clear for them, 
and for the teachers. The a-historical character of the 
"curricular sciencellýpresentations have already been commented 
on when analysing the materials. The traditional texts 
(Abbot's and Nelkon's) convey the impression that the study 
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of motion, started with Galileo and Newtone But even Revised 
Nuffield Physics and Jardine's Nat Phil, n1though mentioning 
Aristotle's views do not refer to the "impetus" theory. 
From a constructivist point of view, this is critical, since 
"children's science" accounts for the relation between force 
and movement seem to be similar to the ones put forward by 
"impetus" theorists. Moreover, the connections between the 
dcvclopmcnt of the inertial view of motion, and parallcl 
dcvclopmcnts in astronomy are not pTopcTly considcrcd 'in the 
curricular materials analyscd. Nevcrthclcss, Galileo's 
views on motion were a product to his commitmcnt to a 
Copernican Universe, rather than induced by cxpcrimcntal 
results, as for instancc ilt is suggested in Jardincls text. 
10.6 SummaTy 
In this chapter I have presented: 
1) An historical overview of the development of conceptions 
concerning the relation between force and movement ("Scientists' 
Science"). 
2) A review of the literature on alternative conceptions 
about force and movement ("Children's Science"). 
3) An analysis of textbooks, presentation-of this 
relation ("Curricular Science"). 
It is shown with the use of examples of these reviews 
and emphasis,. that: 
a) There are aspects in which it can be suggested that 
"children's science" parallels pre-Galilean conceptions of 
motion, 
b) That although "curricular science" does acknowledge 
the anti-common sense nature of the inertial view of motion 
as expressed in Newton's First Law, the source of the problem 
is misplaced, This misplacement leads to a logic of prcscn- 
tation of the inertial view which was criticized* 
c) The source of this misplacement can be related to 
unwarranted assumptions concerning the historical develop- 
ment of the scientific conceptions of the relation between 
force and movement* 
CHAPTER ELEVEN 
CASE STUDY II: FORCE AND MOMENT 
(Analysis of a Lesson Extract)_ 
CASE STUDY II; FORCE AND MOVEMENT (Analysis of a 
Lesson Extract) 
11.1 Introduction 
The lesson extract analysed in this section consists 
of a sequence of about 20 minutes long dealing with the 
relation about force and movement. The class and the 
teacher arc the same described in Section 9*1 The lesson 
was the last one for that fourth-year group in the summer 
term 1981& 
In the lesson immediately before the one analysed 
here the pupils were asked to answer the questionnaire 
used in Watts and Zylbersztajn (1981) survey of children's 
ideas about force (see Section 10.3). The teacher knew 
of the existence of the questionnaire, and asked me if 
she could apply it. She told me that she thought that 
it was more interesting to try to do this (with a diagnostic 
purpose) than to start a new topic. She also told me that 
the group was not taught the topic before, and that mechanics 
would be the first unit of the next year. 
Although the lesson analysed is probably not typical 
(lessons at the end of term seldom are), its analysis is 
included because it highlights certain problems that 
teachers can face when teaching the topic under consideration. 
In the extract presented, the discussion is concerned 
with a situation involving the movement'of a cannon ball 
(Fig. 11.1). The analysis follows the same pattern of the 
one presented in Chapter 9, and described 'in Sections 7.4 
and 9.1, The analysis starts on Transaction 3 of the 
lesson (Exchange 032), which was the one in wh2ch, the 
relation between force and movement started to be considered 
by the teacher. Until this point of the lesson the discussion 
was concerned with other items of the questionnaire and 
was related on the effects of gravity in bodies on the 
earth and on the moon. 
Dftct#lon cotl 
A 
nai Z1 
A cannon ball is fired from a cannon. Points A. 8 and E ore Met different positions 
on the path of the boll 
7he following three cards refer to this situation 
. Now. whiEh piEfure do you think best shows the forEe an the ball as it is passing through 
point BI its highest point)? 
No forte 
BaB 
13 13 13 
Explanation; 
J 
I 
Ihe Ofowt on the pilger" ate %,, PPD%td to Jho. 
the dortfoom of " fort an thr forymn ball 
Whoth pitture do you IhO* NO whowi the twit 
on the ball as of is posswj the oup poont AI 
No forit A 
13 13 
taplonallon 
Now. wNth picture do you think best shows the forte an the ball as of is passing through point 
forte 
taplanction: 
I 
Fig. 11.1 The cannon ball question. 
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TRANSACTION 3 
032 B Fo T). -Now that's one thing .. there's another thing .. 100 s . some of you seem to think that you're very good at doing remote control forcing .. 101 com 
0 let's look at the cannon ball one please so a cannon ball opening picture . see* 102 ms 033 1001 will simply read what is written UnJerneath a cannon ball is fired from the common .. so 103 s 
0 it's been fired from the cannon it's not in the time of what you're considering in the cannon being exploded it's been fired from the cannon 
.. now lots of you seem to think .. that **so ihc power you know that several of you so answered for the first diagram there . first question on 
1034 -ch -Ö 
that one .. yeah lots 104 1 . put your hands up it you I ve answereci A JLU: ) Ul 
Ss) .W (maj ority put hands up) 
F T). Yeah well that seems a fair consensus of-opinion IOZcom 
035 -7- _0 * if I tell you it's not then an awful lot of people is going to disagree with me .. 
036 P-E 0 B). I%by is it not A then? 
T). You shut off the gravity 
037 E0 T) - ýqe. l l, ' 110 r., . chn you now give any arguments as to why it's not A ... or rethink it 111 el 
A B) . (Robert) You said that 
F -T). Well because I said is not good enough Robert it won't do 
B). (X) You see the ball is pushed out but it needs 038 P-I 0 
039 Ch 
the force of gravity to pull it down the gravity 
F T). . You shut off the grav for one thi 0. do You aaree? ol S. P 
Yeah 
o P-Tavity is actinQ .. all -the time .. ana 1 
106 rea 
108 com 
109 Cl. 
112 Tep 
113 com 
114 i 
115 com 
116 Eff- 
117 rep 
118 com 
119 i 
put on it by the cannon firing it formard 120 i 
now I think perhaps it i-rasn't quite clear enough to you in the opening picture .. that it had been fired from the cannon and fired on over ... 121 com so this is like to when you bowls and the ball has left .. your hand and is in its flight ee 122 i 
will be acting on the cannon ball le it is in its flight .. so remcmber gravity for one thing .*9 but you said things like hum having answered A ... the force as it jDasses through A is that 
041 D0. now 
. could you rething that situation ee you )mow 123 m imagine you're bowling and the ball has left your hand .. and is in flight .. that's the situation we want you to consider 
042 P-I 0 B). (Roberts) I don' t, agree with you miss 
043 E0 T). Tell me Roberts? 
044 P-E 0 B). What's going to be then? 
A B). (Roberts) You're saying .. uben you launched the stone then it's pulled by gravity ... 
(2 boys talking at same time: not understandable) 
(Roberts) what's happening in the course of you throwing it .. you're pushing it 
045 E0 T). What does gravity do to it? 
A B). (Roberts) Bring it down 
F T) . Yeah 
046 P-E 0 B) - I%Iiy it goes straight down? Uby? 
A B) (Roberts). It forces 
047 E0 T). What's the what's the result of that downwards force of gravity on the ball? 
B). (Roberts) Comes down comes down 
048 Oth 0 T). -If it stops in mi(lair/ 
124 d 
125 1 
126 el 
127 cl 
128 rep 
129 el 
130 rep 
131 c 
132 el 
133 rep 
134 el 
135 rep 
136 oth 
049 P-I 0 B). (Y) In that picture there .. it's still going up 137 i 
050 P-I 0 B) 9 (Roberts) ýtill _going up .. and onu-ards 
F T). I admit it's still going up 
051 P-I 0 B) . (Y) .. 1%nd the forces are pushing it 
F B) - (Roberts). Yeah 
138 p-i 
139 a6c 
140 
141 
052 P-I 0 B). (Y) I mean you've got it that it forces that way 142 
F Ss) -Yeah 
(Various pupils talking about question) 
053 P-I 0 B). (Roberts) Point B is going up and C is coming doum 
054 P-I 0 B) * (Y) At point A it Is still going up isn't it? 
143 c -. 
144 i 
145 '1 
055 P-I 0 B). The force is going up is pushing it up miss 
A 146 1 
056 Oth 0 T). Right .. 
- sush a minute 
057 P-I 0 B). So according to you miss it wouldn't go any higher than A? 
what does the explosion in the cannon 
or in your hands you Imow when you wave the ball .. what does that do .. to the ball?,, 
the explosion in the cannon let's say what does that do to the ball?.,, 
B), Forces it to go in the direction of the camon 
147 m 14 8 oth 
149 1 
A B). Forces it 1S3 rep B). Pushes it in an upward direction 154 rep 
155 rep 
059 E0 T). Gives kinetic energy? 
A Ss).. (Laughs) 0 
060 E0 1) 0 Am 'D 0 4,0 0 . without that explosion .. what had the camon ball done? 
156 el 
157 oth 
158 
159 el 
A B). Nothing 160 rep B). stop 161 rep B). Come down 162 rep B). Stay where it was 163 rep 
(Various pupils talking about question) 
F T). Stay where it was right? 164 e it would have stayed in the cannon this is. why we're trying (NOT AUDIBLE) you kmow nothing happens .. the cannon ball 165 com would stay in the cannon... 061 E00 num 00 ifib M . moving? 167 el 
A B). No .. no power 168 rep 
169 c 062 E0. speed? I-lu el 
A Ss). No 171 rep 
F T). No.. OK? 172 e 063 E0 now 173-m- what does the explosion do to that cannon ball?.. 174 el 
F T). Stationary .. 
A SS). Pushes it out .w.. - 175 rep B). The force has been across 176 rep 
064 10 T) . Speed?.. gives it speed doesn't it? gets it moving gives it kinetic energy .. gets it moving hum gets the cannon ball moving 
gives it speed .. OK? 177 i . and it's a pretty blast force so .. if you're sitting on the cannon ball you'll be aware of the awkward joilt in the back wouldn't you? 178 com 065 E. hum -779 m, 
. what do physicists call that sort of jolt? or in a car you suddenIX get 180 el 
066 -1 0. acceleration is the word we use isn't it? whe you build up speed when you get an increase in speed we use the word acceleration .. and tho explosion on the cannon ball suddenly clianges, it from having no speed .. up to blasting out like hell so that it really .. gets a big acceleration .. during that explosion ... .. 181 1 067 Ch 0. now 182 F 
. you .. feel that that goes on acting .. while it's movina umqards 183 ch 
ýt is isn't it? 184 rep 
068 P-I 0 B). If it didn't it would come straight down 185 i 
F G). Yeah yeah straight down 
069 P-I 0 B). It's still in it 
070 P-I 0 B) . (Roberts) You I re wrong 
Ss) (Laugh) 
F T). It is just as difficult to stop something as it 
T). You're all convinced it's there obviously__ 190 COM -071 __E_ hum . __191 M . -but the feeling is .. I mean it's a bit .. like jo if you've got your massive greater container ruck accelerated and on move . 192 s what is quite difficult to do to that container truck? 
is to get it going -- you know and you need a hectic force to stop a container truck ** you need a hectic force in a sense to stop a camon ball 072 
186 
187 i 
188 i 
189 oth 
193 el 
B). To stop it 194 rep B). to stop 195 rep 
. and what have we got acting to stop our cannon 
A B). The ground B). gravity 
198 rep 199 rep 
F T) . OK 200 acc 
9 that's not all __201 com 073 Re-i 0 I'm allowing other forcEs it's not all .. gravity ZU2 CI, 
196 com 
au-r ivi e 
A B) . The wind 203 rep 
. . (Lqugh) 20.1 Oth 
074 E0 T). What would gravity stop it doing? 205 el 
A B). Nbving 206 rep B) . (2) Going up 207 rep 
F T). Thank. you .. gravity will stop it risinp 208 e 0 so it's gravity tliat's responsible for it n shooting off into outer space just by you know if every time you bowl it sort of went off into outer space .. it would make it awfully expensive on cricket balls .. so gravity is what stops it riýing .* *a, 209 com 075 01 0. can we agree on that? 2 10 cli 
A B). (2) Yeah 211 rep 
076 D0 T). Would you likc to writc that down somcwherc? gravity stops it rising . so se. e. o9eeee 212 d 
---------------------------------------- 
M- -- ý-- -ý- --ý ýýýQm 4wým ý ým =40 4mm dftým M-M Mý4wý 
The transaction starts with the teacher commenting on 
the pupils' answer to the questionnaire (Ech 032). It is 
clear from her comment that she was able to notice that the 
majority of the pupils attributed a force in the direction 
6f the movement of the cannon ball, and that is a fairly 
expectable result in the light of the amount of evidence 
on the nature of "children's science". It is interesting to 
notice that, when commenting on the answers given by the 
pupils, the teacher uses a metaphor ("remote control forcing")o 
The metaphor is unfair and in one sense downgrades the 
pupils' thinking, since they are not thinking that they can 
control the force on the ball. What they are using is in 
reality a sort of "impetus" theory explanation (see Section 
10.2.2). 
In Exch 035 she begins her transmission of "teachers' 
science", by stating that the first diagram was not the 
correct answer to Question 4 (see Figure 11.1). The way 
in which she states it indicates that she is aware that 
the pýpils have a strong adherence to their alternative 
conceptions. The immediate elicitation from one of them 
(Exch 036) confirms it, 
. Instead of answering the question posed by the pupil 
she re-directs it to the class (act 111). It is important 
to notice the way in which she phrases the question. 
Instead of asking why the pupils think as they do, that 
is, why-they think that the answer is A, she prefers to 
ask for arguments about why the answer is not A. One boy's 
(Roberts) a%swer-(act 112) reflects the hidden curriculum 
behind transmission teaching. In this case the teacher 
cannot accept such an overt statement, and she presses on 
with the question (act 113). 
The information does not, however, come from Roberts, 
but from another. pupil (X), who advances the. notion that 
the force of gravity must be acting as well. This answer 
pleases the teacher and she can start elaborating on the 
"right" ("curricular-science") direction as Exchange 040 
shows. It seems at that stage that she believes that one 
source of problems for the students is the fact that in 
Question 4 the ball is still very close to the cannon, 
giving the impression that it is still under the action 
of the blast. Therefore she presents the bowling analogy 
(act 122) and invites the group to think about this 
situation (act 124), in which the separation between the 
thrower and the projectiles is clear from the very 
beginning. The move is sound since it presents to the 
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pupils an equivalent situation that most of therri"'CýXperienced. 
The pupils' problem, howeverl is not the one identified 
by the teacher. According to their alternative conccptiono 
a force must act in the direction of movement and that force 
was impressed to the body by the blast of the cannon, as the 
sequence of exchanges from 042 to 057 shows. Especially 
illustrative are the statements made by pupils on acts 137, 
1389 140v. 1429 144,14S9 146,149. It is also important to 
notice the fact that the majority of exchanges in this 
sequence are pupil initiated. This flow of information from 
the class is blocked by the teacher's negative evaluation 
(act 150). This is an example of the teacher exerting control 
over the nature of classroom knowledge: the display of 
"children's science" (even in a diagnostic situation) does 
not seem to be acceptable by this teacher (at least in this 
particular case) as a relevant part of classroom discourse* 
At this point the teacher changes her form of presenta- 
tion, and the sequence of Exchanges 058 to 067 follows the 
teacher-elicits and teacher-informs pattern. She tries to 
introduce specialized language - "gives kinetic energy" 
(act 156) . but the class reaction to this attempt of conducting 
the conversation in terms of "curricular science" concepts 
is negative (act 157). Nevertheless the term is used again 
by the teacher (act 177) and linked to, the concept of 
acceleration (act 181). The sequence of Exchanges 067 to 
070 shows that the attempt to conceptualize the problem in 
terms of "curricular science" concepts was not very success- 
ful. The teacher sees the action of the cannon as_giving 
kinetic energy to the ball or accelerating it and the pupils 
see the blast as givingaforýe to the ball; it is clear that 
they are sort of "cross-talking" with the tcacher. She is 
thinking aLording to a classical mechanics framework and 
the pupils according to a pre-Galilean "impetus" theory 
framework. The comment by the teacher in Exchange 070 shows 
that she is aware that her message is not getting across. 
Failing in her attempt to get her explanation in terms 
of kinetic energy and-acceleration accepted, the teacher now 
tries a different trend, by analysing the cannon ball movement 
along its horizontal and vertical components, In Exchanges 
071 to 076 she manages to elicit from the pupils that the 
effect of the force of gravity is to stop the ball rising. 
TRANSACTION 4 
076 B Fr T) . OK 213 : L: t gravity stops it rising 214 s what other sort of motion has it got other than sort of rising falling vertical sort of motion what 
. we've used to consider. as, uTell? 215 el- 078 -0 . To-rward motion don't -216ýi- 079 E0. what about forward motion? 217 cl 
. what stops it sort of ... orbiting the earth straight away?.. * 218 el 
A B). The weight of it 
going on forward? 
A B). The air 
F T). The air .. OK? the resistance of the air because if you bring your arm over you're aware of that aren't you you can feel .. the resistance. of the air the force of air .. acting on you so hum . air resistance in a sense acts backwards on its forwards motion stops its f6rward motion 
220 com 
219 rep 
221 el 
222 rep 
223 c 
224 com 
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081 E0 what else will tend to stop its forward motion 
es if you look'at it .. on bowling? 
A 'B). Something in the way 
F T). Yeah you kmow if you club something on the way yeah 
0 it could be so the bat you know the batsman over the cricket bat 082 L00 or? 
B). The three 
F T). Here the three 083 
stops the gromdward the dounward motion is it? what else stops the dounward motion? .-. ****& 
236 s 237 el 
A '). (NOT AUDIBLE) 238 rep B). (Laugh) 239 oth B). The ground 240 rep 
T). Yeah 241 c apart from gravity 242 oth* 
0 hum no .. gravity was stopping its upward motion 243 com wasn't it? 244 z 0 (NOT AUDIBLE) 0 gravity was stopping its upuurd mtion .. hum coming down .. it's when it hits the deck , that it hum .. stops it downward motion .. 245 com 
085 P-I 0 B). (Roberts). You need something to stop it eeeo 246 i 
086 B Fr T). Right ... (lowering voice) 247 m 
------------------------------------- m ------------- 
M ýMýmmý 
Transaction 4 complements the analysis initiated in the 
final part of Transaction 3. In this case the resistive 
forces acting on the horizontal direction are introduced. Most 
of the information is introduced by the teacherp either as an 
07 or. 
22S el 
226 rcp 
227 c 
228 com 229 er 
230 rep 
231 c 232 el 
A B). The ground 233 rep 
F T). Hits the ground 234 a or it hits somcthing es it collides with something which stops ... so air resistance will stop its forward motion oe and also anything it hits on the way .. so the forward motion is reduced by .. air resistance .o forward motion then is reduced by air resistance ooo or by .... hitting something e. g. three cricket bat, ground .. and his head .. oo 23S com . actually I suppose it isn't just gravity that 
informative act (act 215) or mainly in the follow-up moves 
of the eliciting exchanges. 
The discussion in. terms of resistive forces makes sense 
in terms of the teacher's framework* She knows that there 
are no forces in the horizontal (forward motion) direction 
sustaining the movement, and that the stopping of the cannon 
ball must be related to the action of resistive forces, The 
idea, however, can also be interpreted in terms of the pupils' 
alternative conceptions, since the existence of the resistive 
forces is not incompatible with the notion that a force, 
impressed by the cannon ball on the ball, is acting in the 
direction of movement. For the teacher the horizontal com- 
ponent of the movement is completely explained in terms of 
the resistive forces; for the pupils the "impressed force" 
must be considered as well. The situation here parallels 
the one in "curricular science" in which resistive forces 
are considered in order to introduce the Principle of 
Inertia (see Section 10.4.5), and the same comments can be 
applied. 
TRANSACTION 5 
087 B ly T Fo I-realiz-that-l-ha-ven't convinced you that the 
088 10 
". hum the cannon doesn' t act once the blast is 
over ... but if you think of bowling .... what I'm suggesting to you ....... is that .. you can only force the ball .. and accelerate the ball .. while you're in contact with it .... you can only be active on the ball ubile-you're in contact with it uftile it's still in contact with your hand .. that's when you've got to do your work and I'm suggesting that once it leaves your hand you haven't got a remte control sort of hum ... 
248 
249 com 
250 i 
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089 P-I 0 B). Psychic 
090 1G T) Force on the situation on the ball you haven't any more .. once it leaves your hand .. the ball is at the mercy of these other forces that we've been talking about it's at the mercy of gravity *** it's at the mercy of . air resistance .. it's at the mercy of other things it hits 091 E0R berts do you still Icel tjiaE remote OREM you know your superforce are you you can act after 
you stopped touching the ball?.. 
A B). (Roberts) No .. but the force you put into the ball carries on going in that direction and that is what I want to say put it in that way gravity won't 
251 1 
252 1 
253 el (n) 
pull it straight down 2S4 rep 
B). Yeah 255 
092 P-I 0 B). It comes down gradually 256 i 
093 10 T). I would like to do a swap .. in ideas there .. 257 s hum ... in that your force acts while you're in contact with it while you can actually force it 
0 .. what you do is to give the ball speed you accelerate it .. and then 258 i 
094 P-I Y6ulve directed it 259 i 
095 ... 1 0 T). We use another word for what you've given the ball .... we call it its momentum .. and that's a strange word that you haven't come across again but there's a difference between a ball sitting on the ground and one hea-cLu--ý towards you 260 i 096 Ch 0 would you agree?.. 261 ch 
Yes 
097 0 T). They've both got mass .. they've both got sub- stance and stuff they're the same ball but while sitting on the deck and it's stationary and not doing anybody much harm .. we say no speed .. and not momentum .. wheras one we're sending along with speed we say it's different in the sense that it has got . this momentum . *e so that's the word we .. use and you ]mow you'll get more used to .. for something with speed in motion we say it's got momentum 
098 P-I 0 . ). (NOT AMBLE) 
T). That's right ... OK? 
in that content container truck coming towards you it's got massive mass and II mean lots of mass and lots of speed .. so you're in great trouble eventually because you've got this big 
.. and it's that momentum you 11 ve got to 
262 rep 
263 i 
264 i 
265 a 
mass at a big speed coming towards you you've 266 1 got to do something with that momentum I suggest you don't try I suggest you keep out of the way .. 267 com but something has to take its momentum away and stop it again and get it back to a momentum sort of 268 1 
100 P-I 0 B). (Roberts) But won't happen straightaway 269 1 
F T). No takes time I agrec takes time 270 c 
101 P-I 0 B). (Roberts) And that's where you've got it wrong 
102 P-E 0 And how can I stop my force on the ball? 
A T). Hum no the force .. of you on the ball can stop very quickly .. when you bad bowled it ., it picked up momentum and it's got lots of momentum which it gradually loses .. due to the sort of forces acting on it 
103 P-B 
271 i 
272 el 
273 rcp 
0 B). What about the next?. 274 cl 
104 P-E 0 B) . Yeah the next one on the 
105 Oth 0 B)s (Roberts) No (NOT AUDIBLE) 
(Various pupils talking at the same time) 
. 275 el 
27 6 oth .4, 
---------------------------------------------- 
The teacher shows cL w a- k> %, As s that the pupils' concept- 
ions have not been very much shaken by her arguments (act 249). 
She returns to the crickeE bowling analogy (act 250) which 
is Jos%ut to the pupils' experiences and can provide them 
with a kinesO&Y-L4. feeling for the situation. She also uses 
again the "remote control" metaphor (Exch 091) in her attempt 
to convince one of the pupils (Roberts). The eliciting 
question (act 253) is phrased in a way which downgrades the 
boy's thinking ("remote contTO1119 I'superforce"). Roberts' 
answer however shows that he is not impressed by this tactic, 
and he provides a sensible explanation from the point of view 
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of his alternative conception, lie makes clear that he is 
not thinking in terms of I'superforces" or "remote control" 
but that a physical force is transmitted by the thrower to 
the ball, which is a conpeption that was hold for centuries 
by scientists working in the framework of tile "impetus" 
theory. The explanation is supported by some of his peers 
(acts 255 and 256) 9 
In Exchs 093,095,097 and 099 the teacher explicitly 
presents the curricular explanation* These four exchanges 
cons ist basically on relatively long pieces of information 
supplied by her, in which another attempt of conceptualizing 
the problem in terms of specialists' language. - "momentum" - 
is carried out. It is easy to see, from therAýserverls 
privileged position, that the mere swap of words (to use 
the teacher's tern,, act 258), would not be very helpful in 
changing pupils' conceptions, as their statements (acts 269, 
271 and 272) show . 
TRANSACTION 6, 
106 B Fr T). Yeah .. 278 m Fo . hun let's just clear the first one 279 ms 
107 P-B 0 B). So what should be? 280 el 
A B). No forces it should be 281 rep 
108 10 T). Yeah 282 m I might allow you 283 i fourth years .. 284 oth we haven't got a page reference page references would be nice won't it?... 285 z the first hum ... first one after the cannon ball right? first one there the A one .. 286 s yeah A one that's right so we have a reference 287 z looking at the A one .... the main'force acting is gravity .... so that answer .. for the down- ward force acting on it .. -that's the main force acting on this ball in .. mid air ... 288 i 
The force is downwards 289 acc 
109 P-E 0 B). Miat number? 
A T) . Fourth one along 
B). No es. 
290 el 
291 rep 
292 c- 
110 P-I 0 B). (X) The first one in that section 293 1 
ill P-I 0 B) . (X) She means the answer 
It isn't.. 294 c 
29S i 
112 10 T). I would also .. 296 1 " give me a chance a minute 297 z "I would also allow .. the next one 298 i 
113 P-I 
114 1- 
0 B). It's still going up there 
z T). Because that's allowing a bit of backward air resistance on it so I'll also allow the last one to allow a bit of sort of backward air resistance on it 
299 1. 
300 *1 
----------------------------------------------------------- 
10 
-t1k, 
(Various pupils discussinjýý4ucstion. apparcntly not 
convinced. ) 
(T.: discusses with Roberts who still tries to make 
his point. ) 
(4 min: 30s) 
------------------------------------------- 
In this transaction the teacher summarizes the discussion 
by presenting the answer to the question presented in the 
questionnaire. According to her the fourth picture (only 
gravity acting) is the best answer, but she observes that 
if air resistance is considered t. he next picture would be 
a good representation of the situation (acts 298 and 300). 
It is illustrative to notice the words she uses when making 
this last point "I would also allow... " - which shows an 
instance of explicit control of knowledge by the teacher in 
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the classroom. 
The presentation of 11teacheYs science" to the class 
was completed. The general feeling, however, is that the 
pupils' conceptions were not very much changed as the 
statement from one boy (act 299) and the discussions among 
pupils which followed the presentation indicate . 
11.3 Discussion 
The aim of this section is to summarize and to extend 
some of the points disclosed in the analysis of the lesson 
extract. In the discussion, I will follow the same pattern 
of presentation of Section 9.3. considering initially aspects 
related to the form of the interaction and in a second stage 
aspects related to its content. 
11.3.1 The Form of Interaction. The results of the socio- 
linguistic analysis of discourse, summarized in Table 11.1, 
. shows the frequency of the different types of exchanges 
identified* 
Type of Exchange B E Re-i I 'Ch D L - P, *: E P-I Oth 
Frequency 06 24 01 18 06 02 02 10 28 03 
Table 11.1 Frequency of Types of Exchange 
Again, as in the extract analysed in Chapter 9, practi- 
cally all the exchanges (97%) were identifiable according to 
the categories proposed by Sinclair and Coulthard, The 
only three exchanges which were classified as others consisted 
of one in the teacher exerting disciplinary control (Exch 056) 
and in the other two the teacher was interrupted bef are com- 
pleting his utterance in one case (Exch 048) and an inaudible 
utterance in the other (Exch 105). Again, it can be said 
that the high percentage of identified exchanges, moves and Amt 
acts allowg"v-to conclude that the system was adequato for the 
task. 
The relative frequencies of exchanges show a more even 
distrib. ution between teache*r initiated and pupil initiated 
exchanges Although the number of teacher initiated exchanges 
is greater than the number of pupil initiated ones, the latter 
accounts for 38% of the total number of exchanges, which 
indicates that the interaction was not dominated so much by 
the teacher as in the extract analysed in Chapter 94, 
One of the reasons that may have contributed towards 
this more even balance of power, is the fact that the lesson 
was based on a diagnostic questionnaire, previously answered 
by the pupils. Therefore they had the chance to think before- 
hand about the topics to be discussed, and were also aware 
of the possible directions in which the lesson could proceed. 
On the other hand it must also be considered. that force and 
movement is a topic on which pupils tend to have quite solid 
alternative conceptions, which, iven the chance, are likely 
to emerge explicitly during a lesson. More possible, still, 
is that the consideration of both factors, the answering of 
the questionnairev and the well established alternative views, 
can be seen as the reason for the relatively high number 
of pupil initiated exchangcso 
11.3.2 The Content of the Interaction. In the lesson 
extract analysed, there is a clear resistance shown on the 
part of the pupils (at least by those voicing their point 
of view) towards the inertial explanation of motion pre- 
sented by the teacher. The teacher deals with this open 
"defiance" to her control of. knowledge using several stra- 
tegies. 
In two instances she gently downgrades the reasonable 
"impetus" type explanation advanced by the pupils in the 
questionnaire. This is the case of Exchanges 032,088 and 
091 in which she uses the "remote control" mctaphore 
A second strategy is simply the use of negative ova- 
luation in order to, interrupt the flow of "children's 
science" (Exch 057). 
A third strategy is to resort to the use of specialists' 
language in the presentation of "teachers' science" as when 
she introduces words like "kinetic energy", "acceleration" 
and "momentum"* 
It would be unfair and misleading to give the impression 
that the teacher is only trying to gain control over the 
knowledge being presented in the classroom and, in the process, 
making use of strategies based on her intellectual authority. 
It is noticeable that she also makes use of argumentative 
strategies, trying to defuse what she sees as the source of 
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the pupils' alternative explanations. : r*. - *k-A, , S. case a-nA- 
. her efforfs"to make clear thatlin the problem under 
considerationpthe ball had already left the cannon and 
the resort to the cricket bowling analogy. It is also 
the case of her attempts to analyse the motion of the 
cannon ball in terms of its vertical and horizontal com- 
ponents. But this sort of analysis presupposes already 
an inertial view, i. e. that in the ideal situation, no 
force is needed to keep the ball moving in the horizontal 
direction. 
From a constructivist perspective, I would argue 
that the teacher should have shown a more respectful 
attitude towards the 11childrcns' science" advanced. She 
jkýý could have even encouraged then. to spell these views in 
a more articulate manner, and make clear . 'br them that 
similar views represented respectable constructions during 
a long period of the-history of mechanics. Considering 
that the lesson was the last one of the term, she could 
have hinted that these views, although reasonable, were 
transformed in the course of scientific development, leaving the 
introduction of the new view for the following term* 
In the case observed, however, what was noticed was 
a head to head collision between "teachers' science" and 
"children's science", or more precisely between the inertial 
based interpretation of the teacýer on one side, and the 
"impetus" type interpretation of the pupils on the other. 
11.4 Summary 
In this chapter an extract of a lesson dealing with 
an aspect of the relation between force and movement was 
analysed. Although the lesson was not typical (it was flic 
last of the term and it was based on a diagnostic questionnaire) 
some features of it were illustrative of one pattern that 
the interaction between "teachers' science" and "children's 
science" can assume. 
In the case. presented the teacher was qu4c aware ok 
the fact that the pupils' interpretations were divergent 
with hers, Nevertheless she tried strongly to impose her 
interpretation. The development of the lesson showed a 
collision between two views - a=- bzscid on the"Principle of 
Inertial' -held by the teacher and one sin, ilar to the "impetus" 
theory held by the pupils. 
CHAPTER TWELVE 
CASE STUDY III 
12. CASE STUDY III 
12.1 Introduction 
This chapter consists of the presentation of a case 
study centered on a physics lesson observed in a third-year 
class of a comprehensive school. The central focus of 
analysis is on the interaction between "children' s science', 
and "teachers' science", but consideration is also given 
to the relation between "curricular science" and "teachers' 
science" by discussing the transformation from the former 
to the latter in the specific context analyzed. The approach 
adopted follows the general lines of case study methodologies 
discussed in Chapter 7. 
The sequence of presentation starts with a section in 
which the context and the methods for collection and 
analysis of data are discussed (Section 12.2). This is 
followed by a section in which the lesson observed is 
analyzed in terms of the interaction between "teachers' 
science" and "children's science" (section 12,3), and a 
discussion of some aspects derived from this analysis 
(Section 12.4). The presentation of the case study ends 
with a discussion of the transformation from "curricular 
science" to "teachers' science" (Section 12.5)e 
12.2 Context and MethodoloRy. 
12.2.1 The Context. The group observed was a third form 
composed of 19 girls and 9 boys plus a young male teacher. 
The pupils were doing physics as a compulsory subjecte 
The class was considered by the teacher as being well behaved 
consisting mainly of academically oriented pupils, ranging 
from medium to high ability, 
The teacher, after obtaining a degree in physics, had 
spent one term on a teacher training course, leaving it 
for economic reasons. fie then started teaching and at the 
time of the observations was in his third term of teaching. 
The physics department in the school had introduced 
the Revised Nuffield Physics schemes for O-Level, from the 
third year onwards recently (one year before the observations 
took place). The topic being presented to the group during 
the term in which the observations took place (autumn term/ 
1980) was optics, following the sequence of Revised Nuffield 
Physics, Year 3 (Rogers and Wenham, 1976). 
I started my observations in the third lesson of the 
term, and was present in a total of eight lessons* The 
one analyzed in this case study was the fifth of the term. 
It was selected for presentation because it is a quite 
typical one in the context of. secondary school physics at 
CSE and O-Level -a double period including a demonstration, 
practical work based on a worksheet, and sequences of 
formal lecturinge Secondly, the group observed and tape- 
recorded during the lesson, was actively involved in the 
task and apparently talking freely in spite of the presence 
of the tape-recorder and the observer. Thirdly, the 
quality of the recording was so reasonable to allow for a 
transcription of most of the interactions. It should be 
remembered that the last two conditions are not always met 
in real classroom situations, particularly when practical 
work is being conductede 
In order to put the lesson analysed in context a 
summary of the previous lessons follows: 
Lessons 1 and 2: The concept of wave was introduced in 
the first lesson and in the second the pupils did some 
practical work using the ripple tank, I was not present 
in those lessons. 
kka 
Lesson 3: The pupils experimented wit pinhole ta"-%Axa- t 
a device which they were acquainted with from the second 
year. They were asked to answer a list of questions 
presented by the teacher on the blackboard. They did not 
finish the task and were asked to complete it at home. 
Lesson 4: The teacher started the lesson by commenting 
on the homework, after which he started a demonstration 
using the "smoke-box" apparatus (Demonstration 8, Revised 
Nuffield Physicsq year 3). After trying for 20 minutes 
to make the apparatus function, he gave up and explained 
what should have happened to the light rays in the box on 
the blackboard. He then presented a second demonstration 
showing the change of the image position when an object 
is moved backwards in relation to a convex lens* 
After the demonstration the teacher displayed some 
old cameras on his desk and askeo the pupils to examine 
them. As homework they were asked to compare the camera 
and the eye, concentrating on similarities and differences 
between them. The teacher advised the pupils to go back 
to their second-year notes for information about the eyee 
This lesson and the previous one were not tape-recorded 
because it was agreed with the teacher that it was better 
to get the class used to my presence before introducing 
the tape-recorder. 
12.2.2 Methodology. In the lesson observed two tape- 
recorders were used. One was placed on the teacher's desk 
-to register the interaction between him and the in order,. 
class as a whole. The second was placed on the desk of 
a group In order to register their verbal comments during 
the praftical and their interaction with the teacher, 
I stayed nearby taking notes. The tapes were then trans- 
cribed and the transcripts complemented with the notes 
taken (e. g. on handling of the apparatus), 
The transcript, which can be regarded as a reconstruct- 
ion of t4e lesson from the-observer. 's point of view, consti- 
tuted the basic material for. the analysis, although 'in the 
discussion some material from two interviews with the 
teacher is also included. 
Three types of interaction were observed in the. lesson: 
a) group interaction - the pupils working by themselves . -during. -the practical. 
b) teacher-group interaction - the teacher interacting wltF the group F 
c) teacher-class interaction - the teacher interacting iiith-the class as a wK lee 
In case c. ) the analysis followed the same lines of 
the ones'presented in Chapters 9 and 11 (discussed in 
Chapter 7). In cases a) and b) the transcript was divided 
in Episodes according to the type of interaction involved. 
For instance, Episode 1 consists of a discussion between 
the members of the group (group-interaction). At the moment 
that the teacher joins the group (teacher-group interaction) 
a new episode was considered to start. The concept of 
"Transaction" was only employed when considering teacher- 
class interaction since Sinclair and Coulthard's scheme 
for analysis of discourse was designed specifically for 
this type of interaction. Both episodes and transactions 
are followed. here. by comments. 
The. quality of the recording was, in general, very 
good when the teacher was talking. During teacher-class 
interactions, however, the pupils' utterances were not 
always audible. The tape-recorders were not sensitive 
enough to a combination of long distance and low voice* 
The major difficulty was to transcribe the recording 
of group-interaction. The two main problems being the 
background noise which normally occurs during practical 
work and the difficulty in identifying the authors of 
utterances in a group. When , during a discussion, it 
was possible to recognize the voice of a pupil in separate 
momentso this was signalled in the transcript by using 
arrows. Particular utterances, which are referred to in 
the comments after each episode are preceded by an iden- 
tification number* 
12.3 Analysis of Lesson 5 
During the first 15 minutes of the lesson the teacher 
repeated the "Smoke-Box" demonstration that failed in the 
previous lesson, being more successful this time. During 
the demonstration the teacher switched off, accidently, 
the power supply of the tape-recorder that was on his bench, 
Therefore this part of the lesson is not analysed* 
After the demonstration the pupils were asked to 
collect the apparatus for the practical work and were also 
given a mimeographed worksheet (Fig. 12.1) with instructions 
and questions. I placed a small tape-recorder on the desk 
occupied by a group of four girls who were starting to do 
the practical, and stayed nearby observing them and making 
notes about details of their work* 
Episode 1 
(With the equipment being arranged, two of the girls start reading item a) of the worksheet) 
- Set up the apparatus as shown above. Miere would the screen of the camera have to be to get a well focussed image of the light .. light source? F- And the camera? Uhere is the camera? This is the camera? 
(The girl switches on the light source and starts moving it) 
Watch .. there's the light .. if it goes for%, ard (NOT AUDIBLE) if it goes back it is quite sharpe Yes 
Far away it is pretty sharp. isn't it? 
(20 seconds later another girl starts reading item b) and is joined by other members of the group) 
- ýbve the light source cloýer and further from the lens.. What happens to the focus in each case? 
- Further the focus point gets sharper and .. near 
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Fig. 12.1 The Workshect. 
(one girl puts the metal comb behind the lens and supported by it, while another moves the light source) 
When the .. when we move the camera away from the lens When the camera is focussed Is near the lens Near the lens When you move the camera near the lens your focus point is further away Yeah When the camera is moved away from the lens .... hum this point gets near 
(1.2) 
(1.3)' 
(The girls start to write down what they have observed and two of them speak while writing) 
- When the camera is moved away from the lens .... the see focus point ... near the lens . lens - When you move the camera away from the lens the focus point is near the lens and when you move the camera away near the-lens . lens ee the focus point - Is further away - Is further away from -e the .. lens. 
---------------------------------------------------- 
ý-Mý M- 
In this episode the group*was'trying to follow simply 40 
the instructions on the worksheet. Nevertheless some 
discrepancies between these instructions and the performance 
by the group were noticeable. The diagram on the worksheet 
shows the metal comb placed between the light source and 
the lens, a set up designed to create ray streaks of light. 
The girls placed the comb behind the lens, however, there- 
fore missing its function in the experiment, 
The group also moved from item a) to item b) without 
discussing the question presented-in the first item, This 
was due to the action of one girl who started to move the 
source of light and to comment about her observation (1.1), 
0 
while the other members of the'group were still reading 
item a). Her action shifted the attention of the group to 
item b). By concentrating on item b) the group managed to 
observe correctly (and quickly) the qualitative relationship 
between the displacement of the object and the position of 
the image. 
On the other hand, the premature focussing on item b) 
led the group to not consider the analogy with the camera, 
which was the central point of the experiment. The details 
of the analogy were, at this stage of the practical work, 
completely missed by the group. That is clearly shown by 
the way in which the girls started their discussions (1.2 
and 1.3), when they refer to the light source itself as 
. ýeing the camera, 
Episode 2 
(just after the events described in Episode 1 the teacher is passing near the group and is asked by one of the' 
-girls to help the group with the second part of item b)) 
(2.1) T) Right .. a close object isn't it? Right...... suppose we move thai ... here we are 
(The teacher corrects the position of the metal comb) 
-T) Right .. that's what we must have to start off ... OK? - Yeah 
(2.2) T) Say you put the screen there Yeah 
(2.3) T) Now suppose you're bringing very close .. what happens? - Further away. - The focus point goes further away. (2-4) T) Right .. so how might ... we focus that? - Move the - %ve the lens further away T) I've got I've got to bring this back here, haven't I? That .. I've got to bring this point back to that, Nbve the ,,, lens back to a point. (2.5) T) That's right -o if I bring the lens back I move this point back .. that's what'a camera does .. you see .. when you've got a lens and you try to focus on the near close the lens move out. (2.6) - My clad turns the i1iing where he's got the llýns- T) That's right . moves the lens out ,o and then if you're photographing a far away object 
- Yeah T) Like that 
- Yeah T) You have to move the lens back 
(2.7) How does the lens have to be moved? in and out? (2.8) T) That's right .. backwards and forwards because you can't move the screen and you've got to move one of them .. you've got to try to keep that cross point there.. that focus point ... on the screen. (2.9) - So how does the camera focus on close objects? - By moving the lens. (2.10) T) By moving the lens backwards and forwards . *, in fact by moving the lens forwards ... that's how we focus on ,, on closer objects - Thank you, 
------------------------------------------------------- 
The help of the teacher was asked for when the require- 
ments of the task changed' from an answer based on direct 
observation to one involving application of a relationship 
to the real situation modelled by the apparatus (the camera). 
It is relevant to notice that the girl called the teacher 
before the group had discussed the question. 
The teacher started his intervention by correcting 
the position of the metal comb (2,1) without, however, 
making any comment about it. The implication is that for 
the teacher the comb is. a minor detail in the experiment* 
The teacher mentioned, very briefly, the position of 
the "'screen" (2.2), a, point not actually discussed by the 
group. He was.,. -probah-l., y, - taking for granted that the 
details of relation between the model and the real camera 
were understood by the pupils, 
The interaction between the teacher and the group 
was characterized by large periods of teacher's talk 
alternated with short interventions by the pupils. In 
the first part of the interaction the teacher followed 
a questioning approach (2.3; 2.4). Satisfied that the 
girls had observed what they were expected to, he started 
an explanatory sequence (2. S). Towards the end of the 
dialogue an inversion of roles was observed with the 
girls asking the questions they were supposed to answer 
(2.7; 2.9), and the teacher phrasing the answers for them 
(2.8; 2.10). T6e questions asked by the girls were not 
new, original ones, but the same appearing on the sheet. 
The only genui'ne contribution of a member of the 
group during the dialogue was the comment of one of the 
girls (2.6) relating the situation to real life, 
Overall, however, the dialogue was dominated by the 
teacher, and can be seen as an instance of presentation 
of "teacher's science". 
Episode 3 
(Just after ]Episode 2 the girls start to discuss the last question of item b)) 
(3.1) - The iris gets bigger and smaller, isn't it? 
- The pupil isn't it .. until it lets the light in I'll show that I'll show you .. there is not light in my eye . - Gets bigger . it gets bigger - The pupil gets smaller 
- So when the light focusses the oh God .. how do you spell e. say the pupil is the lens pupil is the lens .. so the pupil is the lens It's not ... the retina is the lens I know I know it 
(3.2) L+- If there is the light .. the pupil is. smaller and if it's dark the pupil gets larger so you can see. (3.3) - So what you write. (3.4) - How do you focus on closer objects? 
- Pbving the lens forwards it focusses on closer objects that's what he said to me. (3-5) - Focus how? If it gets forward it's far. away isn't it? (3.6) It's what he said, 
- It should be back, (3.7) - No it should be forwards . yeah Because look .. he put the lens forward that is the there and the closer object 
(One girl starts to write down the answer while talking aloud) 
(3.8) - You focus on closer objects ....... by moving the lens forwards ... moving the lens forwards (3.9) - How how does the lens have to be moved? -II supposed that's the one about the eye - If if you've got a lot of light-rays your eye becomes smaller because it can't , take so much light in but if it's dark your iris and your pupil become much bigger don't they? t- So you can see So you can see That's right To focus on closer objects it gets ... smaller 4- When it's light the pupil becomes smaller and when it's dark .. the pupil becomes larger this -is how the they (3-10) - When it's light .. the pupil doesn't need there's much light in so .. smaller (3-11) -I don't understand ... hum 
------------------------------------------------------ 
In the first part of the episode (3.1 to 3.3) three. 
of the girls were involved in a discussion based on their 
previous knowledge about the functioning of the eye. Although 
elicited by the question on item b), the discussion is 
clearly centered on a different problem. The ponclusio, n, 
stated by one of the girls (3.2), therefore* does 
not explain what was required* 
In the second part of the episode (3.4 to 3-8) two 
of the girls return to the question discussed in Episode 2. 
The conclusion is clearly anti-intuitive for. one of the 
girls at least (3-5). It is difficult for her to make 
sense of the fact that to focus on closer objects the 
lens has to be moved forwards. ýccording to her view- 
the lens should be moved forward if the-object is further 
away (a reasonable "children's science" explanation). 
Another member of the group tries to convince her, firstly 
by using the "authority" of the teacher (3-6) and secondly, 
by showing the phenomenon (3-7)9 
In the third part of the episode (3.9 to 3.11) the 
group returns to the discussion of how the eye focusses, 
and the statements are not more than a repetition of what 
has been said at the beginning of the episode. The girls 
involved in the discussion about the eye, did not apparently 
-realize that they changed the task. With the exception of 
one girl, who made public her lack of understanding (3.11). 
the group seems to be satisfied with their answer. Even 
the-members of the group, who gave a correct answer in the 
case of the lens of a camera, did not manage to apply the 
same reasoning to the case of the eye. In the case of the 
camera the discussion was in terms of focussing distances; 
in the case of the eye the discussion shifted towards the 
amount of light entering the iris, a topic closer to their 
previous knowledge. The analogy between both situations 
was missed by the group. 
Episode 4 
(At the end of Episode 3,, the teacher comes to the group and is asked to explain the question about the eye) 
T) That's the eye again .. that will be my retina - Yeah T) Yeah? 
- Yeah T) That's the retina .. that's the lens there .. OK? Now if I bring an object close I get a blurred image on the back of my retina OK? and to make that sharper I've got to bring these rays back in again .... OK? Now I can't move my lens I can't move my lens as you 
- You can't move it? T) You can't move it I mean your eyes wouldn't pop out would they? 
- No 
T) Your eyes wouldn It go like that - . 00 So what what can (4-1) The pupil gets smaller T) No it's not Move the object T) No they can't move the object as they're looking at it (4.2) - Do something to the pupil T) Is ... is something to do with the lens 9o. how how could I (4.3) - You you change the amount of light that comes from the lens isn't it? (4o4) T) No I change the shape of the lens - Thinner T) I make it (NOT AUDIBLE) the iris in fact that makes the lens shape fatter and thinner (4-5) T) No the muscles up in . either sides of the lens .. yeah " if I if I put a fatter lens in there it will make it ýe a more powerful lens .. so it brings the points to- gether quickly (4.6) - Oh that makes .. listen when one is focussing on a closer object the retina becomes larger (4.7) T) No not the retina no I can't move the retina .. what I . can do is to mke the lens more powerful ... if I had a more powerful lens then this would if I had a more powerful lens there Yeah T) These would come to a point there instead of there (4.8) 
L_ 
What does the retina do? T) The retina? L- Yeah T) That's the screen (4-9) 
L- 
What happens in the human eye to focus on close objects? T) Yes well something is going to change .., and in fact is the shape of the lens that changes 
- (NOT AUDIBLE) T) It's going to be it's going to become fatter to be more powerful 00 if I put a fatter lens in there that focus point would come down there the muscles no . even .. you can squeeze the lens in the eyes - It will look like a bull's eye - It's a human eye - Special kind of human eye T) That's the lens in your eye .. OK? - Yeah (4-10) T) That's the retina the muscles will pull that or let it relax 9* so when they pull it they make it thinner .. when they relax they make that that eye fat that lens fat 
- Where does the water come? 1%ben you cries? cries? T) The tear drops? It's got nothing to do inside 
- OK yes I know I haven't thought that - (NOT AUDIBLE) 7 - Sir? What do they call the hum the lens in the eye?. T) The lens 
- Lens 
(The teacher leaves the group and the girls start to write down the answers) 
--------------------------------------------------------- ------------- 
The first part of the dialogue was characterized by 
the girls advancing their answer to the teacher (4.1 to 4.3). 
This answer receives a negative evaluation on the part of 
the teacher without being explored. The teacher's answer 
is immediately presented (4.4,4.5). 
The same inversion of roles observed in Episode 2 occurs 
again in Episode 4, when one of the girls directs the question 
presented on the worksheet to the teacher (4,9). As in the 
former case the teacher presents the answer for the group, 
and the episode can also be considered as an instance of 
"teachers' science" being presented. 
Episode 5 
(5.1) 
(One of the girls starts to read item c)) 
- How how good is the focussing in our model of the camera? - Ohh - Is bad really isn't it? (Laugh) 
- You can't move the lens - It's pretty bad - You can move it in that - Yeah but you can't do that in a camera can you? We can .. because we put the lens in - Yeah 
(Another girl reads again the same item) 
How good is the focussing in our model of the camera? quite good isn't it? (Laugh) She is putting her finger in the way In fact is quite good Yes pretty good yeah 
(One girl continues to read item c)) 
- Block out the rays of light that go through the edges of the lens 
- That's what I'm trying to think the past half one our and you do that ... and that ... 
(The girl puts one sheet of paper in each side of the lens, but externally to it (as in Fig. 1.2.2) - This arrangement does not actually reduce the aperture of the lens) 
- Right that's what we do 
- Does it improve the focussing? Yes - It does 
LEM$ ---o SHIMTSOFPAPIR 
/ 
Fig. 12.2 Setting up of apparatus by the girl 
(The girls write down the answers, one of them speaking aloud) 
- ... side of the camera .. does im .. prove ... the focus (NOT AUDIBLE) yes reducing the rays of light on either side of the camera does improve the focus, 
(One girl reads the end of item c) from the worksheet) 
- Can you explain why cheap cameras have such small - Diameter lenses no. (Laugh) 
- They are cheap cheap don't focusses cheap (5.2) - If they have cheap lenses (5.3) - There's nothing to do with money Sarah - (NOT AUDIBLE) - Block out the rays of light that go through - (NOT AUDIBLE) 
(One girl calls the teacher) 
------------------------------------ ---------------------------- 
This episode shows a case of misinterpretation of an 
instruction (5.1). Although carrying out the instruction 
in a "wrong" way the answer given was the "correct" one (in 
terms of the requirements of the exercise). The sensation 
of "improvement" of the focussing, may in that case be due 
to the darkening causbd by the shadows of the sheets of 
paper. 
The main point of the exercise (the effect of reducing 
the aperture) was therefore missed by the group, making it 
impossible for them to relate their observation to the 
question about cheap cameras. The suggestion of one girl 
(5.2) is dismissed by another member of the group (S-3) 
who found an ans; wer in terms of price non-acceptablc. 
Finding themselves unable to answer satisfactorily the 
girls asked for the teacher, 
Episode 6 
(The teacher comes to the group and one of the girls 
reads the question) 
(6.1) - Can you explain why cheap cameras have such small diameter lenses? T) Have you done ... the first part of c? - Yeah - Yeah T) What did you reckon? 
- The way it focusses - It focusses better (6.2) T) Yeah . OK if you make this a smaller diameter by blocking of ... those you see? Smaller aperture iý you like OK? then you've got a small hole in the camera .. then you get a sharp image. Yeah 
(6.3) T) Unless you've got a super duper lens 
- Super duper (6.4) T) Unless you've got a super duper lens you see? You get your you get faults in it like this 
- Yeah (6-5) T) So expensive cameras have very good lenses they make nice focussed pictures. 
- Oh I thought of that (6.6) T) Cheap ones have cheap lenses and you only use a small 
part of the lens otherwise the picture will become blurrede 
Mr. DELETED if you have only a small part of the lens T) Well?.. then .. where? - (NOT AUDIBLE) Can you explain why cheap cameras have such small diameter lenses? T) That's that's because they've got cheap lenses 
- Oh that's that's - Oh Sarah got it. T) They've got cheap lenses like this one 
- (Laughs) T) Got cheap lenses like this one 00 They haven't a 
very good focus .. unless they've got a small diameter - Hum hum T) So that's why they have such a small diameter So cheap when .. because they've got cheap lenses T) Yes it is 
(6-7) (Laugh) T) Doesn't sound as if you have understood it 
- (NOT AUDIBLE) T) That's right that's focussing ... they have different lenses ... doesn't have to move the lens in and out - (NOT AUDIBLE) T) Oh no no no you can't the lens is fixed and it's only a tiny one 
(The teacher leaves the group) 
(6.8) - (Laugh) Because they've got cheap lenses (Laugh) they are cheap cameras because 
---------------------------------------------------------------- 
In this episode one of the girls re-directs to the 
teachert qý-- the beginning of the. dialogue, the question 
presented on the worksheet. Instead of answering the 
question immediately (as in Episodes 2 and 4), in this 
instance the teacher first checked if the group had 
completed the first part of item c). Satisfied with the 
"correct" answer to the first part of item c), he then 
answered himself the second part. When statements (6.2 
to 6.6) are read in sequence the lecturing character of 
the teacher's intervention becomes clear. Again, a case 
of "teachers' science" being presented, 
The teacher did not perceive, however, that the 
pupils misinterpreted the instructions of the worksheet 
(see Episode 5) , and therefore imre not really able 
to appreciate his arguments (6-2) relating the diameter 
size and the quality of focussing of a lens. Being unable 
to relate the size of the lens with the quality of focussing, 
the rest of the discussion is perceived by some members 
of the group as an explanation involving just prices of 
cameras and lenses ("cheap cameras have cheap lenses"). One 
of the girls expressed with irony her dissatisfaction with 
what she perceived as being the explanation (6.7; 6.8). 
(The teacher asks for the attention of the class and starts a sequence of formal lecturing) 
001 B 
w 
Fr 
Fo 
TRANSACTION 1 
T). Can you look this way 
" Can I just go through a and b please 
" ssh -, - OK come on ... . on a we eciae these rays of li* 
004 E 
. what happened to that point? that focus point? 
that the screen shou c wnerc 
. on b) you find when you move the lens close ,. * 
001 s 
002 nis 003 oth 
006 cl 
007 rep A Ss). Further away 
F T). It went further away from the lens 
now 
008 c 009 m in a camera .. when you focus on something that is very close .. 010 s can you move the screen back/ Oll el 
A. Ss) . No 
005 E0 
006 E 
0 T). To accommodate it like that? ... when I'm holding a camera can I move the screen back so that the screen gets on that focus point again? 
Ss) . No 
012 rep 
013 el 
014 rep 
0 T). What do I do instead? 015 el yes? 016 n 
A B). (NOT AUDIBLE) to let more light in 017 rep 
F T). No it's not that no 018 e 
. it's nothing to do with_the aperture yet 019 com 
. though it's something to do with the lens 020 cl 007 Re-i 0 
0 yes? 021 P' 
You move the lens closer to the film 022 rep 
F T). That's right .. you move 023 e closer to the film? 024 e yes you .. in fact you focus 025 oth ssh 026 oth 
008 100 you can experiment with this again in a minute 027 ms 
a when you're focussing on a very close object 
. you'll find that . to get the so to get the focus point back on to the screen again where it was .. not behind (NOT-AUDIBLE) then you have to push the lens forwards .. closer to'the ob, ect... 028 i T. "Fo-W does the eye focuss on something that is very close?.,. 029 el because it can't move it it can't move the lens can it? Your eyes don't pop out like that when you *00 030 cl 
G). The lens gets fatter or thinner with the muscles 
T). Yes ee so the lens gets fatter or thinner 010 E0 what does the fat lensýdo? 
A 
F 
012 E 
013 E 
014 1 
0 
). (NOT AUDIBLE) 
T). Yes .99* the fat lens is the more powerful lens .. OK? and when you Tave something that's close you need a more powerful lens to bring that focus point back to wbere it was before so do you use the fat lens to focus on a close-up 
object or a thin one? .. 
Fat 
T). Fat 
031 rep 
032 c 033 el 
034 rep 
035 c 036 com 
037 i 
038 m 
039 el 
040 rep 
041 c 0. what about a far away object.? 042 el 
A Ss). Thin 043 rep 
F T). Thin OK? 044e 00 if you/ 045 oth 
" ssh .. 046 oth " that's one quick experiment that everyone can do.. 047 s " when you stop talking over there ... 048 oth " in fact .. your lens eye lens eye lens isn't .. particularly good at this and hum .. the nuscles with the lens relax and so make it fatter . that muscles on the top of the lens and below the lens OK? when they pull they make the lens thin when they relax then they make the lens fat .. if you look at your fingers very very closely ... you'll find that you can focus on it all and that that's because 049 i 0 can someone suggest why? 055 el yeah? 051 n 
F 
049 i 
051 n 
052 rep 
053 c 
054 com 
016 E0 
055 el 
056 rep ). Going cross eyes 057 rep 
B). (NOT AUDIBLE) 
T). That's right yes 
your nmscles relax as much nuch as they can then 
your eye lens literally can't get any further than it is when you finger is about there 9o any further any further if your fingers become any 
. closer to your eye your eye lens just can't just can't accoEmodate it at all ... OK? any suggestions if you have a finger there in front of your eyes .. -any suggestions how you can get it on focus? 
A. '). Shut one eye 
T). No you don't cross eyes 058 
A Ss). Shut one eye 059 rep B). Cross eyes 060 rep 
017 E0 T). An experiment we will try next time 061 ms if you've got if you want to make your lens more powerful what might you do? 062 el 
A G). Open it 063 rep B). Squeeze your eyes 064 rep ). ( NOT AUDIBLE) 06S rep 
F T). Yes you might put another lens in front of it 066 C 
" so that you have two lenses 067 com " ssh 068 oth two lenses make it more powerful. than one lens 069 com 018 10 if you've got a magnifying-glass at c you can try this 070 i ssh .... shush 071 oth those lenses that you've got there probably won't work well because they are not ... 072 i 
019 P-I 0 G). -It gives a blurred image 073 p-i 
020 E0 T). Does it Work? 
A Gj- No (Laughs) 
(The teacher asks the class to continue with the 
practical) (Teacher asks how many did not understand item c)) 
074 el 
075 rep 
-------------------------------------------- 
The transaction above follows the classic sequence of 
eliciting exchanges interrupted by informative ones. The 
sequence can be seen as a form of presentation of "teachers' 
science".. with all the initiative and control resting in the 
teacher's, hands and with a high teacher's talk/pupils' talk 
ratio. 
The questioning, although frequent, does*not reflect 
a real concern with the pupils' views. Only "correct" 
answers - those fitting in the teacher's discourse - were 
considered; "wrong" ones, in their turn, were not explored, 
Even an answer which was "correct", according to the infor- 
mation presented by the teacher shortly before (act 064) 9 
was not discussed because it did not fit in the teacher's 
line of presentation. 
Practically all the discussion was concerned with the 
questions presented in item b) and item a) was only briefly 
mentioned (act 004). Again, as in Episode 2, the teacher 
either does not see the analogy with a camera as important 
or it can be assumed that analogy to be understood without 
problems by the pupils. 
When explaining the function of the muscles attached 
to the eye lens (acts 049 and 054) the teacher's account 
of their operation did not match with the accepted explana- 
tion, even a simplified one. In reality, in order to in- 
crease the power of the eye lens the ciliary muscles do. 
contract, bulging the eye lens; when the muscle is relaxed 
the eye lens is thinner and focussed on infinity. The 
teacher presented a similar account when interacting with 
the group in Episode 4. 
Episode 7 
(The ggirls are. concerned-with item d)) 
Well come on kiddies, grow up (8.1) you'll be able to focus on .. hum e. further away objects We've done it You'll be able to focus on further objects L-t- well, right, you'll be able to focus on further away objects 
-------------------------------------------------------- 
A "wrong" answer (8-1) is accepted without discussion 
by the group. The reason for this can be that the answer 
0 represents a logical explanation in terms of "children's 
science", that is, cameras with larger apertures will be 
able to photograph objects placed further away, 
After Episode 71 asked some questions to the group. 
They also spent some time looking around other groups and 
talking particularly to each other. The talking was not 
audible on the tape. 
Episode 8 
(The girls are still discussing item d)) 
- Large .. having a large aperture F- Aperture? What's that What's an aperture? do you know? Hole Hole Hole Expensive cameras have large apertures but you've got a large hole then the focus is sharper than will be for the picture What's aperture again? Hole The advantage of having a large aperture Is .. that .. you can 
(The teacher says that he will give five minutes more for the class to finish the practical) 
- Have we finished? - Yeah - Yeah 
------------------------------------------------------- -------------- 
The meaning of the word aperture is raised by two of 
the girls. The same word passed unnoticed when the group 
was discussing item c). The group managed to link the 
meaning of -the-word presented in specialists, langu age 
(aperture), with everyday language (hole), 
Since the group reckoned that they had finished the 
practical I spent some time talking to them about the 
experiments 
(Near the end of the lesson the teacher again asks for the attention of the group) 
J, 
'TRANSACTION 2 
021 B Fo T) Can I just go through c) and d) very briefly .0000 076 ms those are very cheap lenses as I' ve said to quite a lot of people (NOT AUDIBLE) more expensive ones OK? 077 s when you've blocked out the edges of the lens what happened to the focus? 078 el 
A G). Gets nearer 079 rep 
_F 
T). It was much better OK? 080 com 0. now 091 m if you've got a cheap camera with a cheap lens so 9--- 1 -1L ---, 1 12 -- -A- you rina -Lna-L you can va. Ly ube a very 5rnajLjL par-E; of that lens because if you use a very wide diameter lens .. OK? you get just the same effect that you get with . these two lenses that you've been using there .. you get a very fuzzy sort of picture OK? so you can only use a small part of it yeah? block 
out the sides of it if you like .* if you look to a very cheap camera like those ones you saw the 
apertures last week when you looked to the cameras they are very tiny OK? with a more expensive camera with a more expensive lens the lens doesn't have so so many defects you can use a wider diameter and 
still get a sharp focus .. OK? that means that you can. use a much bigger aperture much bigger hole in the front of the lens .. 082 i 023 E so 
S 
024 Re-i 
" what advantage does having a large aperture give us? 
" yeah? 
A B). Sharp picture- 
F T) . No no 
0 
just the fact that we've got a bigger aperture does 
not give us a sharp picture . it Is the lens that givesus a sharp cture not the aperture yeah? 
A B). Brighter pictures 
F T). Gives a wider picture? 
025 Re-i A B). Brighter 
F T). Brighter? 
83 in 
084 el 085 n 
086 rep 
087 
088 com OR 11 
090 rep 
091 e 
092 rep 
093 e 
D26 Re-i A G). Let in more light 094 rep 
F T). Let in more light OK? 095 0 
027 E00 so why ; Eill that be an advantage? 096 el 
A B). Faster shutter speed 097 rep 
F T). Faster shutter speed OK? 098 e 
" so that the shut the shutter that goes in front of the hole can be opened and closed much quicker with the large aperture because more light comes in more quickly 099 com 028 E00 why is that an advantage? 100 el 
" yeah? 101 n 
026 Re-i A 
A 
A 
Fast shutter speed 
094 rep 
097 rep 
098 
102 rep 
T). Fast shutter speed all riRbt 103 acc 
. why is the fast shutter speed an an advantage? 104 el 
B). Because you can now take pictures of fast moving (NOT AUDIBLE) 105 rep 
F T) . Yeah 106 e * if you've got something that is noving very quickly you want to shoot at speed otherwise it looks as thoughit is blurred 107 com 
030 Re-i 0. yeah? 108 n 
A G). You can take pictures of things further away 109 rep 
F T). Further away? 110 e 
031 P-I 0 G). Yes because with a cheap camera when you've got a small lens on it you can only take things near 111 P-i T) . Hum .9 ** 112 e it all depends .. we're talking about the amount of light coming into it 
no I don't 
113 com 114 e 
032 P-I 0 (NOT AUDIBLE) 
F T). Yeah you can take better pictures in dark places 
with the larger, aperture . in. churches, and things, like that . 'as -ýsoineone suggested-, 116 e you've got a large. -dark place .. 'and y6u need you want a large aperture to let in a lot of light 
.. OK? just like your iris .. opens up your pupil when it's very dark OK? 117 com 033 Ch -0 are there any questions on that. UJ4 JJ Fr . right 
asks for some6ne to collect materials and books) 
119 
--------------------------------------------------------------------------------------- 
The pattern of presentation in this transaction is 
similar to the one observed in Transaction 1. The elicitation 
format is the dominant one; large (teacher's talk/pupils 
taW'ratio, '; ; "right" answers are included in the teacher's 
presentation and "wrong" answers not explored, 
In Exch 030., one of the girls of the group observed 
presented the answer the group gave to idem. d): a camera with 
a larger aperture can take pictures from objects further 
away. Although "wrong" in the context of the teacher's 
presentation this explanation can be a sensible one in terms 
of the children's perspective. Nevertheless it was dismissed 
without exploration* 
On the other hand, a technical term - "faster shutter 
speed" - introduced by a b6y (act 097) was readily accepted. 
by the teacher because it fitted in his pattern of presen- . 1, ý-- tation. On another occasion the meaning of an answer (act 
079) was changed (act 080) in. order to serve -the purpose of 
the presentation of "teachers' science". 
12.4 Discussion 
The analysis-presented. -in the-previous-section shows 
basically three types of interactive situation occurring 
during the lesson* The first type is the group working 
through the worksheet (Group Interaction), occurring in 
Episodes 1,3,5,7,8. The second type was the teacher 
interacting-with the-group-(Teacher-Group Interaction); 
this was the case in Episodes 2,4 and 6. Finally, the 
third type of interaction was the case of the teacher 
lecturing to the class as a whole (Teacher-Class Interaction) 
as illustrated in Transactions I and 2* 
In the rest of this section I discuss each of these 
situations separately. 
12.4.1 Group Working Through the Worksheet. The workshect 
handed to the pupils consisted of a series of instructions 
and questions.. This presentation structures a situation, 
which, ideally, should lead the pupils to observe the phenomena 
and "discover" the principles that the teacher expects them 
to observe and discover, 
In order for this to happen some conditions must be 
fulfilled. The instructions must be interpreted and followed 
in the planned way, the "right" phenomena observed and the 
'. 'correct" answers given. The analysis of the episodes in- 
volving the group working through the worksheet showed 
discrepancies between what the group was ideally expected 
to do and what was really done. Even on the besic level 
of following instructions the interpretation was occasionally 
different from the planned one, 
Item a), for instance, deserved practically no attention 
from the group. The apparatus was not set up in the planned 
way and the question included in the item was not discussed 
at all. Consequently the details-of the analogy between a 
camera and the-apparatus were-missed, by-the-group (Episode 1). 
Nevertheless, that was one of the main aims of the exercise 
as its title suggests. 
Another case of an instruction being interpreted in a 
different way than the one intended by the teacher occurred 
in Episode S. In this particular case the instruction was 
carried out in a way in which the size of the lens was not 
reduced at all, making it therefore difficult for the group 
to relate their observation to the question they were 
expected to answer. 
When the answers to the key questions are considered 
the situation was also far removed from the ideal case, The 
question about the camera on item b) was only partially 
answered. and the details of the analogy between -the apparatus 
and a real camera missed by the group (Episode 1). In the 
case of the eye in the same item, the group agreed on an 
explanation that, although sound in itself, was not the 
. answer-to the question, proposed. In the case of item c) 
the instrilction was interpreted by the group in such a way 
that made it difficult to establish a relation between the 
-observation and the question proposed. In the case of item 
d) a "wrong" answer was accepted by the group without dis- 
-cussion. 
At this point some speculations can be made about the 
reasons for the instructions not being followed as expected 
and for the failure of the pupils +-o present the "correct" 
answers. From the perspective of the constructivist position 
adopted in this thesis, I would suggest that pupils are 
likely to approach a gi: ven task With-sbme pre--conceived p 
ideas, tending therefore to interpret the instructions and 
to answer the questions in the light of these ideas, 
In this particular case the group observed started 
the practical work with a more or less defined idea of what 
they were expected to do with the apparatus even before 
reading the instructions. This sort of "mental set" was 
suggested by the demonstration performed by the teacher in 
the beginning of the lesson, and in the previous one, the 
purpose of. which was to show the variation of the focal point 
with the movement of the source. This "mental set" led them 
to a superficial reading of the worksheet and to concentrate 
on points that tuned 'with their perception of the task 
(moving the light source and observing the focus) as stated 
in item b). It also led them to miss the points in item a) 
and the introduction before it, which stressed the analogy 
with a camera (Episode 1). Moreover, it must also be consi- 
dered that the teacher did not offer any opportunýty for the 
class as a whole to discuss the "experiment" before the group 
started to work. 
In the case of item c) the instruction "block out the 
rays of light that go through the edges of the lens" was 
ambiguous and certainly open to the sort of interpretation 
given by the pupils (Episode 5). Had they paid more attention 
to the statement in brackets, they might have realized that 
their procedure was not the one expected by the teacher. But 
at that stage the word "aperture" was not noted by them, and 
its meaning was only discussed la. ter in connection with item 
d) (Episodes 7 and 8). 
I 
Other instances of the effects of pre-existing concept- 
ions on the work of the group are found in Episodes 3 and 7. 
In the first part of the former the group changed the focus 
of discussion to a problem more related to their previous 
knowledge. In the later an asnwer offered by one girl was 
readily accepted, probably because it did offer a sensible 
explanation in terms of "children's science". 
12.4.2. Teacher Interacting With the e A1.1 the three 
episodes (Episodes 2,4,6) involving the interaction between 
. the group -and the teacher can be characterized as being 
mainly instances of presentation of "teacher's science" 
rather. than a discussion about the work actually performed 
by the group. 
In the three cases the teacher was concerned with 
presenting to the group the "right" answers to the questions 
of the worksheet. Nowhere were details about the task 
discussed, even. when the teacher perceived that an instruction 
was not properly followed, as in the case of the position 
of the metal comb in Episode 2. In one other instance, 
however (Episode 6), the fact that an instruction was "mis- 
interpreted" passed apparently unnoticed by the teacher, 
because the group ended with the "right" answer to the 
question relative to that-instruction, 
The way in which the girls approached the teacher 
during the interaction conveyed the impression that they 
were aware of his predisposition'iDý- present. the "correct" 
answers. Forsinstance, kinlithe!. three, tepisodes... they*. simply.,.. 
directed to the teacher almost "verbatim" the questions 
they were supposed to answer. Teacher's science, however, 
was not always "correct" (in relation to "curricular science"), 
as for instance when he inverted the functions of muscles 
linked to the eye lens. 
12.4.3 Teacher Interacting With the Class. The two instances 
in which the teacher interacted with the class as a whole 
(Transactions I and 2) were similar in their features. The 
main purpose was not the discussion of the experiment and 
the analysis of the results obtained by the groups, but the 
explicit presentation of 11teacherls science". 
This presentation was characterized by all the initiative 
and control being in the hands of the teacher and a very high 
(teacher's talk/pupils' talk) ratio. This ratio can be 
roughly estimated by counting the lines in the transcript, 
giving a value of 5 to 1. Furthermore, the teacher was always 
the centre -of communication, with the questions being presented 
by him, and the answers being directed to him, 
The discourse followed the pattern-Opening by 
the teacher; - Response from a pupil; Follow-up by the teacher 
The questions themselves were always convergent ones and 
the treatment given by the teacher to the pupils' a-ooswers 
indicates that the questioning was not directed to identify 
and explore the pupils' perceptions of a situation, but had 
rather a rhetorical purpose. "Correct" answers were incor- 
porated in the teacher's discourse, and the "wrong" ones 
not considered for discussion, 
Although theit'ransact*, 3*. ong-wereýbýtsed on-prhctidal-work 
performed by the pupils, the situation was not one in which 
both parties (teacher and pupils) could interchange and 
negotiate their perspectives. 
12.4.4 A Pattern of Presentation. When the situations 
described before are considered together a pattern of presen- 
tation of "teachers' science" emerges. 
The teacher presented the group with a practical 
task by means of a worksheet. The knowledge to be acquired 
by the pupils was present in it in an implicit and potential 
form. and, in an ideal case, would be "discovered" by the 
pupils. The pupils, however, approached the task with their 
own interpretation about what they were expected to do and 
about the phenomenon being studied. As a consequence, the 
instructions were not followed as planned and the implicit 
knowledge not uncovered by the pupils, 
The teacher was himself aware that the pupils, in 
general, would not be able to uncover the knowledge by them- 
selves. In an interview some weeks later, I raised with him 
the issue of experiments, and an. extract of the interview 
is presented below: 
I) Hum and **. would you say that in general when analysing their answers they understand 
T) Yes yes 
I) Quite quite well what the experiment is 
T) Yes yes ... well as if, hmmm ... very often the teacher will almost'state the conclusion a-n-T-theX will just copy it out ... hum yes II think we can see through their answers whether or not they understand what's been going on. 
(EmphasiS added) 
So, by interacting-with the Pupils, -either in small 
groups or as: a-class, the teacherýpresented. to them the 
knowledge they were expected to learn. This presentation was, 
in its turn, characterized by not considering the pupils, 
own approachto the-work. The objective of the interaction 
was to present "teachers' science" explicitly, and not to 
discuss what the pupils did or were doing, 
The pattern of presentation sketched above can be seen 
as an example of a "Transmission approach" (Section 5.2), 
in spite of the fact that, during the lesson, the 
pupils were, for a large part of the time, doing practical 
work in small groups. Moreover, the other lessons in which 
the same-teacher was observed suggest that this approach was 
quite typical. In the "Transmission- Interpretatioifl continuum 
proposed by Barnes (Section 5.2) 1 would situate the teacher 
near the "Transmission" encl. Although the observations 
alone would be enough, to justify their classification it is 
illustrative to examine the teacher's own view of his role. 
When asked-in an interview about what he thought should be 
the place of physics in the curriculum and the importance of 
it to the children he a-xswered: 
T) To be .. honest I haven't enough time to think about it I've been thinking more in terms of how to Present the real physics the actual physics, ,--, so , that one of fFe slightly disappointing things-for me has been the fact that .. before I started teaching I you know I thought ah .. I'll be able to get there and there change a lot of ideas about the curriculum I thought of this quite long (NOT AUDIBLE) as I did as I saw it in school. I thought I'll be able to change it but I've been sp .. much work just actually being in the classroom teaching marking books and preparing lessons hum marking tests and things like that ... that I really haven't got round to .. thinking about it .. in relation to the .. to the rest-of the school-.... but .. physics .. physics is ust an important qualification that the kids have to 9. F have hum well, ffie bright -ones -myway and, --the,,, pneTiqho want to continue'. with science really n'eed. to have to have some knowledge of that side of science .. to really be able to continue effectively .. 
(Emphasis added) 
So, in spite of willingness of doing something new 
(hindered, according to his perception by routine teaching 
activities) this teacher assumes, quite consciously, a 
"transmission" role: there is a "real" and "actual" physics 
to be presented to the pupils; a "qualification" to be 
acquired by the "bright ones". 
When asked more explicitly what his main concerns were 
when preparing a lesson, he stated: 
T) Well the first well .. optimally they've got to be able to understand the physics understand what is going on . hum I try to present it in a way that is mixed in other words I use a variety of different .. methods and then also I try to present it in a way that is enjoyable interesting and relevant .., D the first consideration is that they should understand what is actually ... actually being taught the understanding is hum comes absolutely first rather than just enjoying and playing with things. 
The teacher could only express his concerns by vaguely 
stating that his first preoccupation was to promote under- 
standing of the physics being taught. This understanding is 
something to be obtained by the teacher using a variety of 
methods. From the lessons observed it can be inferred that 
the "variety of methods" referred to by the teacher means 
the use of demonstrations, practical work in groups and 
lecturing in order to transmit "teacher's science". In no 
instance in the interview, or in conversation, was any 
concern with the existence of "children's science" stated: 
knowledge was seen as something to be transmitted. 
In the case of this particular teacher that perspective 
was certainly influenced by the "ethos" of his department, 
which was strongly examination oriented, as the teacher him- 
self described it: 
T) .. hum the point is that the third year is essentially part of the .. O-level and CSE courses those wbo actually do O-Level and CSE unlike the other departments the biology and chemistry departments that put on courses which hum really sort of try to sell the subj ect, try to present some- thing that is -. enjoyable and of general interest rather than something that is leading to an exam we really have to try to get to work this .. oriented in the end towards the exams. 
12.5 From Curricular Science to Teacher's Science 
Since, in the situation described in the present case- 
study, the teacher was formally following the Revised Nuffield 
Physics materials, a comparison can be drawn between the 
curriculum itself and the way in which a particular activity 
was implemented. In the case analysed differences between 
the curriculum and its implementation were noticeable at two 
levelso 
At a first level there is the clear contradiction between 
the transmission style adopted by the teacher, and the so- 
called "Nuffield spirit" assumed by the developers of the 
curriculum. The use of class experiments is justified in 
the Revised Nuffield Physics course on the grounds that pupils 
used the personal experience of science, and as professional 
scientists they can devise their own experiments, meeting 
difficulties as well successes, and observing with an open 
mind the results of their efforts, But, 
'For that they used plenty . of time and - encouragement, but - not many. detailed instructions; because they need to feel that it is their .. own experiment and to learn by their mistakes as well as their successes. Of course we should provide guidance - something like 'sailing orders' for the captain of a ship, but not much more*" 
(Rogers and Wenham, 1977a, p. 5) 
The role to be assumed by the teacher is clearly 
suggested in a further passage: 
"And we trust teachers will avoid giving away the answer that is being looked for. Far from that they may use to praise an unexpected answer, which though not wholly true, is the result of a serious work. " 
(Rogers and Wenham, 1977p, p. 41) 
The co ntradiction between the approach adopted by the ' 
teacher, and the "spirit" of the curriculum, seems to pn: rallel 
a similar one, with regard to the physics department of 
the school, which was examination oriented in the traditional 
sense (see quotation on page U-3q . 
At a more tangible and immediate level, differences can 
be noticed in the way the task is proposed in the Nuffield 
text and in the worksheet prepared by the teacher., Although 
the worksheet was based -on Experiment 10 (Revised Nuffield 
Physics - Pupils' Text Year 3), it was not a copy of it, 
The first difference between the Nuffield experiment 
and the teacher's version of it occurs in the title, changed 
from "Model of RayA and a Camera__(A first experiment with 
'ray streaks' 11, to "A Model of the Camera"s and the missing 
of some words in the teacher's title can be more significant 
than would be suspected at a first glance. The notion of 
ideal rays of light is commonly used in-physics teaching and 
the ray streaks created by the comb represent an experimental 
approximation to this notion. In the teacher's version of 
the experiment,, however, the function of the comb is seen in 
a different ways namely to represent the holes on a pinhole 
camera. As the idea of a multi-holed pinhole camera is not 
related to the rest of the work, the metal comb becomes a 
superfluous detail in the setting- of the apparatus. This 
fact is, actually, illustrated by the action taken by the 
teacher in Episode 2, when, although noticing that the girls 
misplaced the comb, he did not discuss the point with theme 
The analogy with the camera is more explicitly treated 
in the Nuffield text than in the teacher's one. In the 
former the pupils are asked to draw an outline of a camera 
box on the paper, marking a place for the film at the back, 
and also presented with a diagram showing what their 
drawings should be like. In the adapted version it is 
assumed that the pupils will be able to work out the analogy 
by themselves when answering item a). An assumption that 
proved to be wrong, at least in the case of the group observed, 
The question about the focussing of close objects by a 
camera and by the human eye, included by the teacher in 
item b) does not appear in the Nuffield version. Actually, 
the functioning of the human eye is not discussed at this 
stage in the Nuffield scheme, 
When items c) and d) of the worksheet are compared with 
their equivalent in the original text the differences in 
presentation are clear. The worksheet consists of instruct- 
ions to be followed and questions to be answered. The 
original text includes an explanation comparing cheap and 
expensive cameras. 
In an interirtiew after,, - -the. - lesson -raised ., the issue,. 
of the textbook with the teacher: 
I) And, hum ... do you find it difficult that they haven't got the book, as far as I understand they haven It got 
T) No 
I) The book and 
T) Idon't know because the book is very detailed .. and if we are only going to have them oes in ee. one double period a week.. it's it Is fantastic the amount of detail in those students I books *e. hum and unless you Ire prepared toput a lot of time into it that's more than a double period a week you can get bogged, isn't it? 
I) I see 
T) Hum e9e so. usually I'd rather write instructions on the board.. as I did, I think the previous two times on I give them a of sheet so they've got sort of a work- sheet, they've got some written instructions theres 
According to these comments advanced by the teacher the 
worksheet is supposed to be a, less detailed, condensed and 
therefore easier to follow, version of the textbook. It can 
be argued, however, that by missing the details and expla- 
natio. ns included in the original text, more intellectual 
demands are placed upon the puplils. - intellectual demands 
that the observed group was not able to cope with satis- 
factorilyo. 
12.6 Summary 
In this chapter a case-study based-on the-analysis-of 
one lesson was presented. The central focus was on the 
interaction between "children's science" and 11teacher'9 
science". It was suggested that. although during most of 
the lesson pupils were involved in practical work, the 
pattern obsprvbd1-was;, -, of . -a-. transmission. of Jlteach'eilis science" 
and not a negotiation of, knowledgeo ýBydisregarding oppor-' 
tunities of actually getting to know the pupils' perception 
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of the activities they were involved in, in favour of 
the presentation of his knowledge, the teacher failed to 
notice instances in which pupilst interpretations of the 
task were. not-the ones assumed by him. This unnoticed gap 
led the pupils in the group observed to miss important 
aspects of the practical task, 
The interaction between "teacher's science" and 
"curricular science" was also discussed. It was argued 
that the teacher's approach departed from the curriculum 
adopted (Nuffield O-Level) both in the pedagogical "spirit" 
and in the most tangible level of task presentation. 
This was linked to examination oriented ethos of the 
department. 
CHAPTER THIRTEEN 
CASE STUDY IV 
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13. CASE STUDY IV 
13.1 Introduction 
The case study presented in this chapter is based on a 
sequence of lessons in which the topic "Refraction of Light" 
was introduced to a third-year class in a comprehensive 
school. This particular sequence was part of a larger one 
I observed from February to May 1980. 
This was the first series of observations I conducted 
as part of my work as a research student in the IED, and 
it took place in the very beginning of my activities. In 
this very early stage the central focus of the observations 
was already the interaction between "teachers' science" and 
"children's science". On the other hand there was also a 
strong concern with exploration. My preoccupation was to 
arAlmatize mysel-f with secondary classrooms in this country, 
Instead of tape recording the lessons a decision was taken 
of just to observe and'make notes, and to complement those 
with a tape-recorded interview with the teachero 
As a consequence the data collected during the lessons 
lack the detail in terms of verbal exchanges that character- 
izes other instances of classroom interaction presented in 
this study. Nevertheless, since they can be used to 
illustrate some aspects of the interaction between "teachers' 
science" and "children's science", I opted for presenting 
an analysis of the observations as a case-study, 
In the rest of this chapter I present initially an 
account of the context and methodology used (Section 13.2). 
This is followed by a reconstruction of the sequence of 
lessons in which the concept of refraction was treated 
(Section 13.3) and a discussion of some aspects of this 
. sequence (Section 13.4). Finally in Section 13.5 the 
teacher's perception, identified in an interview is 
discussed. 
13.2 Context and Methodology 
13.2.1 The Context. The group observed consisted of 
a male physics teacher and 32 pupils of a third-year form. 
The pupils were considered to belan upper stream group 
and physics in the third year was taken as a compulsory 
subject. The teacher was the head of the department and 
can be considered an experienced one, having been in the 
profession for more than seven years. He acquired a B. Sc. 
in Electronical. Engineering, and started a Ph. D., giving 
up after 6 months. He then spent 15 months in industry 
, before starting teaching. He did not have any formal 
teaching training. 
Eight double period lessons (held weekly) were observed 
and the general topic was optics. When the observations 
started the group was finishing the study of lenses and 
starting the study of refraction, which was covered in five 
lessons. The group was not following. any particular text, 
and most of the information presented by the teacher on the 
blackboard or by dictation was-recorded by-the pupils in 
their notebooks, 
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13.2.2 MethodoloRy. During the lessons observed I was 
seated in the back of the classroom. Interaction with 
the teacher and the pupils was kept at a minimum level. 
I used no special schedule for the observations, and just 
took notes of what, at the moment, appeared to be relevant 
events. My attention was, of course, selective, and a 
relevant. event was considered one which was perceived as 
being related to the interaction between "teachers' science', 
and "children's science". In this case the note-taking was 
greatly facilitated by the fact the teacher made extensive 
use of the'blackboard. I tried to record in my notes 
everything that was written or pictured on the board, since 
the information displayed can be interpreted as being 
important from the teacher's point of view* 
The events taken during the lesson were the basic 
material for the reconstruction of the lessons. This 
reconstruction reflects obviously the selective character 0 
of the observations. 
In the next section the-reconstruction of the sequence 
of lessons dealing with the concept of refraction is 
presented. In the presentation the recorded events are 
coded on the left hand side of the page in order to facilitate 
later reference. Notes taken from the blackboard are indi- 
cated by the use of vertical frames, 
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13.3 The Sequence of Lessons, 
Lesson 1 
(1.11 The teacher asks the class what is refraction. A few (2: 4Sh) 
pupils try to answer. The teacher does not analyse any 
specific answers and writes on the blackboard: 
Caused by the fact that light travcls slower in glass than in air. Means that light changes direction. 
air 
glass 
(1.2) The teacher presents an analogy between refraction of 
light when passing from air to glass and a group of soldiers 
marching on two different soils. He draws a diagram on the 
board,., 
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(1,3) The teacher writes on the board: (2: 55h) 
We will now perform an experiment to find out if there is any relationship between the angle of incidence i and the angle of refraction r. 
The teacher draws a picture showing the apparatus to be used: 
Apparatus 
pins 
block of 
glass 
-4 
(1-4) The teacher asks the pupils to come to the front of 
the classroom and explains the method to be used-j which is 
the clas§ical one using a rectangular block of glass, pins 
and a protractor. He says that the result will be a broken 
line as shown on the board. 
He also explains how he wants the experiment written up. 
Method: Leave 8 lines 
Results: 
i 
10 
20 
30 
70 
r 
The pupils are instructed to leave three blank columns 
in the table, but the reason for doing this is not explained* 
(1.5) The pupils collect equipment and start doing the pract- (3: 15h) ical work in groups of three. In general they are not very 
careful in the measurements. For instancejthey allow for 
pins to be inclined. Some of the pupils are recording not 
the angle of refraction but its complement. After observing 6A 
the groups working for a while the teacher asksýýethe attention 
of the class and explains again what the angle of refraction 
is. 
(1.6) At the end of the lesson the teacher asks for-the pupils (3: 40h) 
to stop. Since they have not finished the experiment he says 
that they will continue next week, 
Lesson 2 
(2.1) The teacher reviews the experimental method that the (2.30h) 
pupils were following in the last lesson. The pupils collect 
the apparatus and complete the meaýurements, 
(2.2) The pupils are instructed to put heads in columns 3,4 (2: 45h) 
and 5 of the table of results (sin i, sin r, sin i/sin r). 
The teacher says that he knows that they never met the word 
sine before, but that they will learn about it in due course. 
He explains then how to find the sine of a given angle in a 
table of trigonometric functions and asks the pupils to 
complete the table of results with the values of sin i and 
sin r, but to leave the calculations of sini/sin r for home- 
work. 
(2.3) The teacher instructs the pupils to leave 10 lines for (2: 30h) 
the conclusion. 
(2.4) The teacher writes on the blackboard and asks the (3: 07h) 
pupils to copy: 
Examples of Refraction 
1) Bent stick in water 
When drawing the picture above the teacher asks the 
class about the direction of the bending rays coming out of 
the water, by using an auxiliar j picturel. 
one of the pupils answers that the direction will be 
that of ray 2. The teacher replies: "WRONG" (emphatically)* 
He then completes the diagram and the explanation of the 
"bent stick in water", and adds that better diagrams can 
be obtained by "cheating a bit". By this he means tracing 
the rays from the eye to t. he stick* 
(2.5) The teacher. demonstrates the phenomenon by using a (3: 20h) 
recipient with water and a stick. He explains that the 
same explanation can be applied for the apparent depth of 
a swimming pool. He draws a diagram on the board: 
2) Real and apparent depth (e. g. a 
swirai#ng pool) 
1 depth 
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The teacher says that the picture is a bit exaggerated 
but that is the sort of thing that really happens. 
(2.6) The teacher explains the homework, which is to complete (3: 35h) 
the table of results with the values of sin i/sin r. 
Lesson 
(3.1) The teacher asks the pupils about the results of their (2: 25h) 
calculations. One pupil says that his values varied between 
1.46 and 1.64. The teacher replies that the differences are 
due to experimental errors (but he does not discuss the 
sources of experimental errors), and that "the values must 
be 1.50". -He then writes on the board and asks the pupils 
to copy, and to fill the blank space with their average value. 
Conclusion:. Looking at the results in the last column we can see t1hat in each case sin i/sin r=a constant figure (allowing for experimental errors). The constant figure is called the Refractive Index of Glass, -ný. - In my casce, 
average value of refractive index of glass: 
(3.2) The teacher asks the question: "What is the refractive : (2: 50h) index of air? " One pupil answers: "It is zero"; another one 
says: "It can be anything". These wrong answers are not 
explored by the teacher who states that the value is 1. since 
the rays do not change direction in the air. He then draws 
on the board: 
The teacher says that the pupils must know by heart the 
values of the refractive index for air (1), glass (1.5) and 
water (1-33)9 
(3.3) The teacher explains what total internal reflection and (2: 58h) 
critical angle are. -He-draws diagrams on the board% 
TIR( total inernalreflection) and critical angle 
air 
glass 
I 
II 
critical case 
(light only emerges) 
I 
Total Internal 
Reflection 
(Better than a 
mirror) 
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(3.4) The teacher writes on the board: 
0 1ý92eriment'to find the critical angle for glass 
0 Apparatus: Leave 1/3 page Nleth-R-*. Leave 8 lines Me-su For angles of incidence up to the light emerged from the glassiF-Uock. For angles of incidence greater than the light is totally internally refle-ctWe-. The critical angle for glass lies behind and 0 
The teacher explains the experimental method for the 
pupils, which consists of a variation of the last experiment 
using a semi-circular block of glass and pins. 
0 
The'pupils collect the apparatus and start the experiments 
(3-5) The teacher collects the apparatus, thopgh most of the (3: 2 2h) 
pupils have not finished. He then explains the homework 
which is to write the method of the experiment and to draw a 
diagram of th6 apparatus. 
'Less'on 
The teacher draws on the board and asks 'the pupils to (2: 35h) take notes (see nextý- page). 
Experiment on real and apparent depth of a rectangulnr glass_block. 
A Apparatus 
block of glass 
clamp 
stand 
in 
pencil line drawn 
on paper beneath block 
Method: Leave 8 lines Fesulfs: 
Real depth of block Cme Apparent depth of block Cme 
I, al depth Apparent dept N 
.0 
(4.2) The teacher asks the pupils to come to the front and (2: 45h) 
explains the experimental procedure, which consists, 
basically, in moving the pin until no parallax is observed 
between the pin and the drawn line, * 
(4.3) Pupils collect the apparatus and start the practical, (3: 00h) 
working in groups of 2 or 3. 
(4.4) (3: 2 5h) 
Almost all groups finished. 
(4-5) The teacher draws on the board: (3: 28h) 
Experiment on real and 2pparent depth of water 
Apparatus Apparent 
depth_ 
1=1 1=1= 
I 
NP 
Method: Leave-6 lines 
t 
Real depth 
lb 
Results: Apparent depth of water = cm Real -depth of water = cm 
. *0 t)r%al depth . 0 Re Apparent depth 
(4.6) The teacher sets up the homework which i. s to write up (3: 33h) the method for the experiment with the biock of glass and 
to work out the results, 
'Le"s'so'n 5' 
(5.1) The teacher recalls the method used in the experiments (2: 35h) 
of the previous week. He then performs a demonstration by 
doing the experiment of the apparent depth of water. He 
presents the conclusions on the board. 
Real depth = 15.7 m Apparent depth = 11.1 cm 
Do, 
Real depth 1.41 Apparent depUi ' I 
(5.2) The, teacher -asks. .. for, - the results. -of the-experime*nts (2: 55h) .. )II ' with the block of glass a. nd writes them on the boardt 
1.5 . 1.5 1.5 
1.4 1.6 1.7 
1.6 105 i's 
1.7 1.6 1.6 
Average = 1.5 
(5.3) The teacher states that the result is equal to the (3: 00h) 
refractive index of glass (1.5). lie says that the -result 
of his demonstration with water should have been 1.33, and 
that the value 1.41 was due to experimental errors. 
He writes the conclusion on the board, 
Conclusion: Taking the result for the entire class we find that the average value of real depth = apparent depth 
Conclusion to both experiments: For glass refractive index = 1.5 and we found that real depth '-1.5 apparent depth - 
For water refractive index = 1.33 and we found real depth - 1.41 apparent depth - 
Allowing for experimental errors we seem to have found another formula. for refractive index. 
sin i real deýth refractive index w- or refractive index = sin r apparent depW- 
(5.4) The teacher starts the section on colours of light. (3: 14h) 
13.4 The Presentation of-TeacheA- Science 
The sequence of lessons reconstructed in the previous 
section shows a situation in which "teacher's sciencelf 
assumed a dominant role. This role was asserted by different 
means* 
The importance of "teachers' science" was signalled 
constantly to the pupils by asking them to copy from the 
board the definitions, methods and examples presented by 
the teacher. On the other hand, at no 
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were the 
pupils' conceptions explored. Although, for instance, 
the pupils were very likely to be familiar with sticks 
being "bent" when immersed in water or even with apparent 
depths of swimming po ols, those cases were only introduced 
as examples of refraction in the second lesson. In the 
first lesson a formal definition and explanation was pre- 
sented. 
It should be noticed, however, that when introducing 
the new idea of refraction, an attempt was made by the 
teacher (Event 1.2) to relate the new idea with a more 
familiar ýnet through the presentation of an analogy* 
One problem with the presentation was that it was not made 
clear that the analogy is only valid as far as a wave model 
of light propagation is considered, Since no reference 
was made to. a wave model the risk exists that the pupils 
can associate the soldiers with moving particles. 
Since the lessons were not tape-recorded a formal 
analysis of discourse by using Sinclair and Coulthard 
scheme could not be conducted. Nevertheless the general 
feeling was that this particular teacher made more use of 
purely. informative exchanges than of eliciting exchanges, 
on the few occasions when a question was posed to the I class they were not intended'. to actually explore 
"children's science". Events (2-4) and (3.2) are cases in 
which this form of knowledge was neglected by classifying 
the answers as "wrong" without further discussion* 
Even the practical work was presented following an 
approach in which little room was offered for the pupils 
to express their own ideas. The experiments were decided 
by the teacher, the methods presented by him, who also 
phrased the conclusions (Events 3.1 and 5.3). No real 
discussions pre and post the practical work were observed. 
To the pupils it wa's left the role of performing measure- 
ments and carrying on the calculations. In the instance 
of the experiment to find the law of refraction even the 
meaning of the figures they were getting was unknown to 
them, since they had not come across the concept of "sine" 
before* 
The practical work can be viewed as an attempt bn 
the part of the teacher to legiiimatize the knowledge 
being presented by demonstrating it practically. Since 
the practical results did not match perfectly with the 
theory,, the notion. cf "experimental error" was included in 
the conclusions (Events 3.1 and S-3), but the sources 
of those were not discussed. This can be interpreted as 
a compromise between the pure transmission and the legiti- 
matizing of "teachers' science" by experimental evidencee 
The way in which practical work was introduced is 
compatible with an empirical-inductivist view of science. 
This is particularly clear in the case of the experiment 
leading to the law of refraction, but also in the one 
relating the refractive index and the relation between real 
and apparent depth. Inductive discovery was simulated in 
both cases. The empirical-inductivist view can also be 
noticed in the way the pupils were instructed to write 
down the experiments, i. e. following the neat sequence 
of apparatus -)-- method -* results -* conclusion. This sort 
of sequence of presentation imitates the classical presen- 
tation of scientific papers. Medawar (1963) referred to 
it as being a fraud in the sense that it helps to convey 
the impression of an empirical-inductivist approach not 
actually followed in the majority of the cascso 
In summary, the approach adopted by the teacher can 
be characterized as an effort of presenting to the pupils 
a topic-of formal knowledge. -"'curricular science" 
mediated by "teacher's science"- which was not only a 
target towards what the pupils' knowledge was expected to 
move, but als_o * the starting point and central focus of 
010 the instructional strategy. "Teachers science" was 
privileged throughout the sequence of lessons and "children's 
science" consequently devaluated. The use of language was 
mainly for transmission purposes and a monopoly of the 
teacher. Communication was practically unidirectional with 
the pupils involved in activities of a rather passive 
nature, such as listening, copying from the blackboard 
or performing measurements in a recipe. style of practical 
works 
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13.5 The Teacher's Perception: An Interview 
The teacher's approach was characterized in the last 
sect-ion as being one which fits thel'Transmi'ssion" style (see 
Section 5. ý). That characterization was done from the point 
of view of an observer supporting a view of knowledge which 
is antithetical to the one displayed by the teacher. In 
an interview, of about 35 minutes long, conducted at the 
end of the period of-observations, I tried to identify the 
teacher's own views about his approach, 
In the interview it became clear that the "cultural- 
transmission" perspective was one consciously adopted by 
the teacher, In the interview I asked him why he preferred 
to introduce the idea of refraction by a definition instead 
of referring first to a situation closer to the children's 
experiences as the bent-stick in the water. His reply was 
quite an elaborate one: 
T). Hum. that question is a very deep one actually isn't it? You know you've you've given a very good example there of probably something I do in all my teaching and really it is it goes very deep that question doesn't it? in that it is it's a question of teaching phýlosophy *9 how do you get kids to learn .. and there are two methods as I see it . one is you ask them to bring the ideas out for themselves and to learn really for. themselves they do it them- 
selves es you just guide them and the other one-Tthe way I s-ee it that I do it II tell them what to do to begin with and then I try to relate what they've done to the things that they have experienced and I tell them more more 
or less what lines to think along and I actually you know more or less spoon-feed them .. I suppose now I think that way is better because 
... yeah .. but you know this is something I suppose this I thought II gained of the years I think that way is better , to actually .* tell them what them what to do and to actually tell them what results to look for .. because for the vast majority of them I don't think they are 
actually capab , le of fitting together the facts for themselves hum possibly something like ten 
-percent might be able to but II would think ninety percent of them wouldn't get anything from it and that is why I question you see this idea of finding up by themselves was a great idea of the seventies and the sixties as well really I suppose .. Nuffield Physics in a way they just do a lot of experiments and they find out things for themselves o. now I don't agree with that I don't I don't think it really works .. itmight work for a few of them but on the all I don't think it does work so I prefer to do it in the way I do it in the moment, but II agree it's it's a very good question and it's a very deep one .. and I'm sure that it's just my view agdinst somebody elselse 
In this statement the teacher locates what he calls 
his "teaching philosophy" clearly al the transmission pole J4.4 N% 
pf a Transmission-Piscovery dicotomy. In his perspective 
knowledge is something that is either discovered (but only 
a few pupils can do it even in a higher ability stream) 
or transmitted by the teacher (for the benefit of the vast 
majority). The constructivist idea that knowledge can be 
construed in an interactive'negotiation does not seem to 
fit in the teacher's polarised dicotomy. 
In another part of the interview I asked the teacher 
about his main concerns when preparing 4 lesson: 
Doing? How do I do it? How do I plan it you mean? 
Yes 
-T) I don't a* that is a very difficult question because you don't I don't think one does plan it as such .. what I think. one does is to teach from experience in that you find that 
some. things work and some things don't and so in the next year you tend 'to leave out or or 
amend the things that didn't work very well and start trying to change things and by 9,9 you know say the seventh year of teaching which is where I am doing .. I don't think you do necessarily plan lessons as such I think what you tend to do is remember the things yod re going to do and the things you're not going to do 
Teaching, therefore, is regarded by this tcncher as 
an empirical activity. The new ideas and modifications 
tried each year are however piecemeal innovations, not 
affecting the overall "Tiransmission"' view, iqhich 
underpin-r. his approach: 
IPT) ... there are only two things I try to remember .. one is the fact that therc is a certain course pattern a certain syllabus that I am trying to teach them certain ideas I'm trying to get across in as inter- 
esting a way as possible to try to get them to enjoy it .. so you know in planning those are the true things really .. just to get sQme. thing across and also to to make it as interesting as possible ... 
From the lessons observed and the concerns voiced by 
the teacher, it is evident that the notion of the existence 
of children's prior knowledge is not part of his way of 
conceiving teaching. The knowledge to be put across is 0 in its turn seen in connection to examination needs: 
T)''Well .. what we are trying to do in this school is to prepare them for an O-Level now hopefully in an ideal situation every 
---hum-... child who comes to this school would take an O-Level in physics and will pass **o'ý now that doesn't work because some'of them don't enjoy physics in which case they drop it at the.. end of their third year hum also 
some of them are not intelligent enough to take O-Level physics and some of them although they like physics and although they take 
physics in the fourth and fifth years they are not intelligent enough to take O-Level and they what they do is to take CSE in physics 
0 40 0 
And the concern with examinations starts at an early stage: 
but .. all we can do in the second and third year is to say to ourselves now .. what will be useful .. to .. not only to the kids but also to us should they decide to carry on with their physics in the fourth 
and fifth years and the things that would be useful would be certain parts of that O-Level syllabus ... 
In the interview I also asked the teacher what his 
views were-on the-importance and the place of physics in 
the curriculum: 
T) Well I think it's a very important subject hum ... for various reasons ... I think-the fact really is it has a great deal of relevance to everyday situations in that eo hum the sort of things the kids are going to experience'lln their everyday lives either when they arc in school or even after they leave school so I think it's it's very important for this reason' alone it is also important because .. it involves *a two parts of the curriculum which themselves are very important that is there is 
a fair amount of maths involved in physics and there is also a fair amount of English .. in- volved. in physics there is the two things there is the fact that they've got to be numerous they've got to be able to .. work out any calulations that may come in their way and there is also the fact that they've got to be able to express themselves either .. well on paper and in and verbally they've got to be able to express themselves either in exams or just in class when they are doing accounts of experi- ments and so on ... 
Of the three aspects valued by the teacher of physics 
as a subject, only one was effectively displayed in the 
lessons observed* His concern with the mathematical side 
of physics led him, for instance, to introduce the law of 
refraction even knowing that the class did not know what 
sine means. On the other hand the formalised way 
in which the topic of refraction : was presented contrasts 
with his. statements of the importance of physics to every- 
day life situations* 
Another contradiction between the statement above and 
the teaching observed was the expressed concern with enhancing 
the abilities of expression and the displayed teaching 
style which did not actually enable the pupils to use 
their language: for instance the conclusion of the 
experiments being written by the teacher. In this case the 
contradiction was dissolved by the teacher when asked to 
elaborate more on this point. It then became clear that 
what he had in mind when referring to linguistic expression 
was either the normative grammatical side of it (punct- 
uation, spelling) or stylistic rules (writing concisely, 
writing complete short sentences). A concern that is con- 
sistent with the transmission style adopted by the teacher* 
13.6 Summary 
In this chapter a sequence of lessons during which 
the topic refraction of light was introduced to a third- 
year class was reconstructed from notes taken during the 
lessons. The approach adopted by the teacher was charac- 
tei-ized as an effort in presenting "teachers' science" 
without considering. the conceptions held by the children. 
Practical work, which was an activity that occupied a 
large part of the lessons, was carried on in a recipe- 
style and conveyed an empirical-inductivist view of science, 
An interview conducted with the teacher at the end 
of the observations showed that a*. "Trahsmission" style 
approach was consciously adopted'by the teacher who 
construed learning as a "discovery-transmission" dickotomy, 
but thoughtthe first pole to be inadequate for the majority 
of the pupils. The knowledge to be transmitted was, in its 
turn, strongly related to examination needs (O-Level and CSE) 
CHAPTER FOURTEEN 
TOWARDS CONSTRUCTIVIST SCIENCE EDUCATION 
14. TOWARDS CONSTRUCTIVIST SCIENCE EDUCATION 
14.1 Introduction 
In the first chapter of this thesis a conceptual frame- 
work considering different forms of knowledge (scientiststp 
curricular# children's, teachers' and students' science) and 
their transformations and interactions was introduced. I 
pointed out then that the framework provided a distinct way 
by means of which science education could be conceptualized, 
I also fAbfQs:.,, _ck that the framework stressed the role played by 
pupils' conceptions which pre-exist formal teaching-"children's 
science" - in the process of conceptual change. The framework 
was therefore seen as being compatible with a constructivist 
view of human knowledge and with results derived from recent 
research in science education. 
The forms of knowledge considered in the framework were 
discussed in detail in Part A (Chapters 2 to 6) of this study. 
When considering. 11scientists, science" in Chapter 2,1 emphasized 
the change of perspective that occurred in philosophy of science 
I 
since the late 501 s- Among the representatives o-f the new iriew, 
which the former empiricist tradition, particular 
attention was paid to the work of T. Se Kuhn. 
Part B (Chapters 7 to 13) consisted of the presentation 
of four case studies in which aspects of physics education at 
secondary school level were invest igated. The aim of Part B 
was twofold: first, the case studies were presented in order 
to illustrate the components of the conceptual framework by 
applying it to everyday practice; and second, this everyday 
practice was explored from the perspective offered by the 
framework. 
In Case Studies I and II the conceptual framework was 
applied comprehensively. Their presentation illustrated 
how a consideration of "scientists' science" and "children's 
science" can be used to inform the analysis of "curricular 
science" and of the interaction between "children's science" 
and "teachers' science". In Case Studies III and IV the 
focus was on the investigation of the classroom interaction 
component of the framework. 
The analysis of the curricular materials in Case Studies 
I and II, the results of which are extensively described in 
Chapters 8 and 10, is presented in the form of a critique 
of curricular treatments of "Light and Colour" and "Force and 
Movement". As 'far as the classroom interaction component 
of the case studies is concerned the investigation illustrated 
some aspects-of traditional teaching concerning the use of 
language and practical work. In contrast to most studies of 
classroom interaction, which focus on formal aspects only, 
the case studies presented here are also concentrated on the 
content, of the interaction, particularly on the treatment of 
"children's science" by the teachers, 
The form of presentation of the classroom interaction 
instances consisted of a critical analysis of both their 
form and content. The critical approach followed served 
the purpose of highlighting and stressing the contrasting 
points between the'. practices observed and the assumptions 
underlying this -thesis with regard to the nature of knowledge 
in general and scientific knowledge in particular. In the 
following sections of this chapter, dealing with implications 
of these assumptions for classroom practice and for "curri- 
cular science", these contrasts will be restated, 
The case studies presented here can serve the pedagogical 
purpose of inducing teachers and student teachers to reflect 
on their own practice-and the textbooks they use from the 
perspective of the assumptions of this study. To better serve 
this purposeý'Ahe case studies will have to be specially edited 
in order to conform to the more usual format of papers and 
materials for discussion in teacher training courses. One 
example of that is Zylbersztajn and Gilbert, 1981, a paper 
based on Case Study III. 
In this chapter, I intend to go a step further from the 
level of criticism, and to address some implications for science 
education from the point of view of a constructivist. position. 
Some of these implications are already implicit in the critical 
analysis presented in the case studies, and an aim of this 
final chapter is to discuss them in, a more explicit and com- 
prehensive wayo 
In Section. 14.2 I discuss the problem of conceptual 
change. from a constructivist point of view. Sections 14.3 
and 14.4 deal with implications for classroom interaction 
and "curricular science" respectively. Section 14.5 considers 
some areas for further research and development, 
14.2 Conceptual Cha 
14.2.1 Children's Science and Conceptual C The con- 
structivist position which underlies this study implies a 
view of knowledge that considers it as being constructed by 
the knower (interacting with the physical and social world), 
rather than a commodity being transferred. In the process 
of constructing, existing knowledge appears to play a sub- 
stantial role in the incorporation of new knowledge to a 
cognitive apparatus. It is clear that such a view contrasts 
strongly with a traditional approach to teaching in which the 
teacher is privilege4 as a transmitter of information. 
On the other hand, it also highlights a point which 
was not given due to consideration by the proponents of 
the curriculum reform movement of the sixties (Chapter 4). 
If on'the one hand these developments tended to shift the 
centre of classroom activities from the teacher to the 
pupils (a positive feature in itself), then on the other 
hand they also tended to conceptualize that activity in 
terms of an inductive process of discovery. It is an irony 
that what became to be considered. aý-, radical-new approach 
to science teaching, was, to a large extent, based on a 
philosophy of science in crisis and due to be soon superseded. 
Thus the former inherited a weakness of the latter. 
Similar to--the way in which. the empiricist tradition 
I tended to overlook the role played by theories . and world 
views in the interpretation of - empirica-1 . dataý, discovery 
learning approaches tended to overlook the fact that learners 
do approach their tasks with preconceived ideas which influence 
the interpretation of their observations and even their per. 
ception of the task. In the case study presented in Cliapter 
12, this point is illustrated by the performance of a group 
of pupils doing a practical activity with lenses. Driver 
(1983) also presents a number of examples in which short- 
comings of inductive discovery are pointed out* 
These shortcomings can be seen as one of the reasons by 
which discovery learning approaches (guided or not) failed to 
exert a greater impact in teaching. Some teachers, for example 
the one interviewed in Case Study IV (Chapter 13), reject the 
approach in a straightforward manner as being ineffective for 
the great majority of pupils. Others, such as'the one inter- 
viewed in Case Study III (Chapter 12), although using a curri- 
culum (Revised Nuffield Physics) which stimulates the pupils, 
own activities and observations, will organize the group work 
in such a way as to present them with the right answers, 
Driver (1975) and Wellington (1981) commented on the 
fact that pupils very quickly become aware that "right" 
answers are the ones actually valued by the teachers and 
start acting accordingly. In Case Study III this behaviour 
was illustrated in the instances where members of the group 
being observed re-directed the questions of the worksheet, 
which they were supposed to answer, to the teacher. In the 
same case study it was also shown how the teacher's preoccu- 
pation with the right answer led him to fail to notice cases 
in which the pupils' performance diverged from the intended 
one* 
In overlooking the role played by "children's science" 
in the process of learning, both the traditional and heuristic 
approaches seem to conceive the process of conceptual change 
as a movement from a state of ignorance to a state of knowipl, 
In the one approach this movement is to be achieved by the 
teacher transmitting the knowledge, and in the other through 
the pupils' active involvement in an (often guided) discovery 
task. 
The *dirActomy 11 Transmission- Discovery" offers what seems 
to be a common way, for teachers and some research workers in 
science education to conceptualize the problem. The teacher 
in Case Study IV could not have been more explicit both in 
expressing the dicotomy and his adherence to a transmission 
view. Novak (1978), following Ausubel's ideas, uses a 
similar construct (albeit in a far more sophisticated way) 
when discussing a "Reception-Discovery" continuum of learning4i 
The framework proposed in this thesis offers an alter- 
native formulation for the problem of conceptual change, by 
conceptualizing it as a movement from "children's science" 
to "students', science". This movement is usually mediated 
by the action of the teacher, and therefore frequently 
involves the interaction between "children's science" -and 
"teachers' science". 
As it was indicated in Chapter 69 "students' science" 
can present various forms of outcome among a group of 
pupils. Science teachers in general, quite naturally, have 
as their aim the maximizing of achievement of what. vas 
described as the "unified scientific outcome". That is 
the outcome in which pupils will have mastered the conceptions 
they are supposed to learn, aligning their views with a 
particular ix6. tance of "curricular science". 
The aim stated above is, in principle, a reasonable 
one, since it considers a move towards forms of understanding 
which, as part of our culture, proved to be highly success- 
ful in dealing with the physical world. Nevertheless, from 
a constructivist point of view, it would also be reasonable 
for teachers to accept sympathetically the fact that, for a 
number of pupils, this aim will not be achieved, 
There appears to be a tendency for science teachers 
to consider those pupils who do not succeed in achieving 
examination standards as being in some ways intellectually 
less capable. The teacher of Case Study. III, for instance, 
referred to physics as 11 ... an important qualification that 
the kids have to . have .. hum the bright ones, anyway *09 it 
(Section 14.4-4). The teacher in Case Study IV pointed out 
that ".. some of them are not intell. enough to take 
O-Level physics and some of them, although they like physics, 
and although they take physics in the fourth and fifth years, 
they are not intelligent enough to take O-Level and what they 
do is to take CSE in physics *... I' (Emphasis added). 
The sort of view advanced by the teachersseems to be a 
strong component of the ideology of science teaching* It 
can be argued, however, that it fails to recognize two im- 
portant points. Firstly, examination achievement does not 
necessarily mean sound science understanding. After all, 
even some U. K. university students in science show recurrences 
of "children's science", as research quoted in Chapter 3 
demonstrates. Secondly, and more importantly, the fact that 
some pupils fail to align their views with those of "curri- 
cular science" does not necessarily mean that they are less 
intelligent than the ones who do. It can be that they do 
not have compelling reasons for changing their current views, 
if these, from a personal perspective, enable them to cope 
with everyday life situations. After all, the great majority 
of people (including very intelligent academics. who are not 
physicists) can survive quite well with pre-Galilean ideas 
concerning force and movement. And even physicists would 
prefer in some circumstances to think about "the flow of 
heat". or the t1rising sun". 
With the qualification above, I would like to come back 
to the problem of conceptual change, If it is accepted as a 
reasonable, though not absolute, aim, the next question which 
requires consideration is how it can be facilitated. Although 
most of the practical action in the field of alternative 
conceptions has been concentrated on their identification 
rather than on their transformation, some aspects related to 
the latter have been considered by researchers. 
14.2.2 Revolution or Evolution? In a review of the work of 
several researchers present at a recent international confe- 
rence, West (1982) suggested the existence of two main emphases 
in terms of their perspectives in. relation to conceptual change, 
According to one, which he calls the "revolutionary" perspective, 
conceptual change involves the radical abandonment of an 
existing conception and its substitution by a new onee The 
other, which he calls the "evolutionary" perspective, stresses 
continuity in the process of conceptual change, and the 
development of concepts through their integration and 
differentiatione The "revolutionary" perspective is repre- 
sented in the work of Driver (1979)9 Erickson (1979). 
Nussbaum and Novick (1981). whilst the evolutionary 
perspective is more evident in the work of Sutton (1982a) 
and West. (1982). 
The two perspectives are not, however-, mutually 
exclusive, and it would be more fruitful to regard them as 
complementary. In some cases it appears that the change to 
be achieved consists of a deep restructuring of the learners' 
knowledge; in others, the change would involve an extension 
in the richness and precision of the meaning that a pupil. 
holds for a term. Strike and Posner (1982) distinguish the 
two situations by talking about "large-scale" conceptual 
change, which they labelled accommodation, and "small-scale" 
conceptual scale, labelled assimilation. 
The first situation, i. e. a deep reconstructuring of 
Ahe learners' knowledgel would, in general involve the learning 
of some central conceptions of a discipline which are not in 
consonance with the learners' preconceptions, such as for 
instance the composite nature of light (discussed in Chapter 
8) or the inertial conception of motion (discussed in Chapter 
10). Nussbaum and Novick (1981) suggest also as examples the 
learning of the particulate nature of matter, the energy view 
of-heat, and heliocentric cosmology. Since the existing 
conceptions are usually inadequate for subsuming subsequent 
learning, the situation can be best conceived as involving, 
analogically speaking, a paradigmatic change of revolutionary 
nature. 
On the other hand, there are cases, probably more frequent, 
in which an extension on the meaning of a concept rather than 
its radical transformation seems to be needed. For instance 
the notion of force can be extended from the intuitive idea 
of pushes and pulls caused by "contact" to the idea of action 
at distance of electromagnetic or gravitational origins; the 
meaning of the word "work" can be extended to encompass Its 
scientific denotation; the concept of energy can be differ- 
entiatedin its forms and integrated with other ideas such 
as light, heat, sound, etc. Rather than a paradigmatic 
transformation I would like to suggest, as an analogy for 
these cases, the articulation of paradigms during periods of 
normal science. In the same way that scientific development 
can be conceptualized as a succession of periods of normal 
science and revolutions, science teaching can be thought of 
as involving a succession of both revolutionary and evolutionary 
approaches# 
14.2.3 Stumbling or Building Blocks? In the review mentioned 
at the beginning of Section 14.2.2, West (1982) also points 
out that although researchers in the two perspectives tend 
to agree on the assumption that existing conceptions do play 
a vital role in the process of conceptual change, they differ 
on what this role is. He suggests that researchers with a 
revolutionary perspective "would see children's present 
knowledge as a potential barrier to subsequent learning" 
(stumbling blocks). On the other hand, researchers with an 
evolutionary perspective "would see prior knowledge as the 
interpretative framework for subsuming subsequent learning" 
(building blocks), 
It is clear that, in situations in which the "evolutionary" 
perspective is more appropriate, it will be more convenient 
to treat "children's science" as frames of understanding to 
be developed. The "status" of "children's science", in cases 
in which a "revolutionary" perspective seems to be more ade- 
quate, however, requires some clarification. West (1982) is 
certainly right in stating that researchers with the latter 
perspective see existing knowledge as a "potential barrier 
to subsequent learning"; but I would suggest that the key word 
in this statement is not "barrier" but "potential". In this 
case the message in the statement is not that pre-existing 
knowledge is necessarily a barrier, but it tends to become 
one if not properly considered by teachers and pupils, 
If the pupils' existing perspectives are simply ignored 
or treated as irrelevant they are likely to act as stumbling 
blocks as far as conceptual change is concerned. If, on the 
other hand, pupils are given the chance to become more aware 
of the nature of their own conceptions, of the range of their 
applicability and of their limitations, it can be expected 
that their appreciation and acceptance (the former being a 
necessary but not sufficient condition for the latter) of the 
new perspective would be enhanced. When viewed from this 
angle, "children's* science", rather than being a barrier 
can be used as a contrasting background that can actually 
facilitate the understanding of "curricular science". 
It is relevant to notice that researchers assuming an 
evolutionary perspective do, similarly, stress the importance 
of'increasing the pupils' awareness of their own conceptions 
as a starting point for the extension and refining of their 
meanings. 
14.2.4 Strategies for Conceptual Ch It seems there- 
fore that either 
. 
in situations which require a "revolutionary" 
perspective, or in the ones which are best dealt with from 
an "evolutionary" one, an increase in pupils, conceptual 
awareness is an important initial stage in any teaching 
strategy. But obviously, this is not enough for accomplishing 
conceptual change. 
Researchers working from a "revolutionary" perspective 
argue in general for a "conceptual conflict" strategy. 
According to it pupils are expected to restructure their 
conceptions in order to accommodate results that present 
discrepancies when compared to predictions and/or explanations 
derived from their own ideas. These approaches are best 
summarized in the guidelines for the designing and sequencing 
of learning activities proposed by Nussbaum and Novick (1981): 
1. Create a situation which requires pupils to invoke their conceptions in order to interpret it. 
2. Encourage the pupils t-o describe verbally and pictorially their ideas. 
3. Assist them to state their ideas clearly and concisely. 
4. Encourage the debate of ihe pros and cons of different interpretations of pupils. 
S. Create a "cognitive dissonance" between the concept- ions presented and some phenomenon which cannot be explained by them, 
6. Support the search for a solution and encourage signs 
of forthcoming accommodation. Encourage the ela- boration of the new conception when it is proposed* 
Nussbaum and Novick applied their guidelines to the 
teaching of a "particulate" model of gaseous matter to 
young Israeli and American adolescents holding a "continuous" 
model. They claim that some pupils were able to propose by 
themselves that a "particulate" model could better explain 
the phenomenon introduced to create cognitive conflict, ahd 
that during the discussion on Phase 6 of their approach this 
view gained increasing support from the rest of the class. 
It- would be extremely optimistic however to expect 
t hat in general the pupils will be able to reach, by them- 
selves, the accepted curricular conceptions. Most likely,, 
these conceptions will have to be introduced by teachers 
didactically. Their role in this case would be comparable 
to a scientist trying to convert others to a new paradigm. 
They will have to introduce the new conceptions to the group, 
and to.. function as the "translators" Kuhn talks about 
(Section 2.3.5) when describing inter-paradigmatic debates. 
They will have to suggest. --to their pupils that their old 
experiences and conceptions, although sensible and useful 
from a*personal point of view, can be more fruitfully sub- 
stituted by the new ones. An understanding of the pupils' 
conceptions on the part of the teacher seems essential in 
this case* 
The fact that the new conceptions will have to be intro- 
duced by the teachers does not invalidate the approach pro- 
posed by Nussbaum -and Novick, since the preparation done in 
Phases 1 to 5 is, as argued before, an essential component 
in the process of conceptual changee Furthermore, the 
approach can be regarded as a good exercise to foster 
creativity and debate in the classroom. Provided that the 
ideas advanced by the pupils are treated respectfully by 
teachers (for instance by stressing whenever possible 
parallels between these ideas and former scientific views) 
the approach can also induce pupils to be more confident in 
their use of language and in their power of constructing 
knowledge. 
Researchers working with an "evolutionary" perspective 
would probably agree with the general features of Phases 1 
to 4 from the guidelines proposed by Nussbaum and Novick. 
They would, however, in the next stage, emphasize the 
linkages between the new and the previous knowledge and 
"make pedagogical applications that place stress on relation- 
ships, integration and differentiation" of concepts (West, 
1982). Particularly important, in this context, is the 
notion of meaningful learning (Ausubel, 1968), in which 
new knowledge is incorporated in more general structures. 
Sutton (1981b) points out that an important job for the 
teacher is to identify points at which these new ideas can 
be attached, and to build "cognitive bridges" between the 
new ideas being presented and children's earlier experiences. 
It has been suggested (e. g. Sutton, 1978; Pope and Gilbert, 
1983) that a more deliberate use. of metaphors and analogies 
as a pedagogical tool can help the building up of these 
cognitive bridges* 
14.3 Implit I ations for*Classroom Interaction 
14.3.1 in the Cl'assfoom. From what has been said 
it should become clear that approaches, such as the ones 
discussed above, would have implications for the way in 
which language is used by teachers and pupils in the class- 
room. A constructivist approach, either from a "revolu- 
tionary" or from an "evolutionary" perspective, would require 
plenty of opportunities for pupils to use language for 
sorting out and restructuring their conceptions. It seems, 
however, that science classrooms do not, in general, offer 
enough opportunities of this kind. 
In Chapter 5 it was pointed out that in science lessons 
language is, for most of the time, under the control of the 
teacher. This dominant role played by the teachers in the 
use of language was illustrated in the case studies presented 
in Part B of this thesis. It was shown, for instance, -how 
formal clhssroom discourse following the pattern - Opening 
by the teacher, Reply by a pupil, Follow-up by the teacher. 
can be detrimental for the emergence and consideration of 
pupils' ideas. In this pattern of discourse questions pre- 
sented by the teacher are not aimed at the exploration of 
pupils' ideas, with their participation in the discourse 
being restricted ýo the voicing of short phrases, which are 
only valued if they fit the teacher's line of presentation. 
In such a case formal classroom discourse can be likened to 
a verbal game, the rules of which are implicitly accepted' 
by teacher and pupils (Sinclair and Coulthard, 197S; Stubbs, 
1976; Edwards and Furlong, 1978). 
But is is not only in formal classroom discourse 
situations that opportunities for pupils to actively use 
their language are restricted. In Case Study III (Chapter 
12), it was illustrated how the interaction between the 
teacher and a group of pupils performing practical work 
was used-by the teacher for the transmission of his knowledge 
rather than for exploring the knowledge of the group. In 
Case Study IV (Chapter 13), the writing up of practical work 
was so tightly constrained by the teacher that even the con- 
clusions were phrased by him. The only task l. eft to the pupils 
was to fill blank spaces with the data from their measurements, 
In one-case (Snell's law experiment) they did not know the 
meaning of the numbers they were filling in (sine of an angle), 
In connection with the use of language it may be helpful 
to consider the distinction between "Transmission" and "Inter- 
pretation" teachers (Barnes, 1976), already described in 
Chapter 5. Barnes assumes a relation-between the teachers' 
vi'ew of knowledge and their use of language in the classroom. 
"Transmission teachers" tend to regard language primarily 
as a means of communicating ideas (generally from them to 
the pupils). They will tend therefore to see classroom 
discourse as a way of transmitting their views to the pupils, 
not realizing that sometimes they may be trying to impose 
a structure over another structure which already exists. 
They-will also tend to value normative rather than creative 
uses of language. This tendency. is illustrated, for instance, 
by the views on language of the teacher of Case Study IV, 
which were mostly concerned with its normative, grammatical 
and stylistic features (Section 13.5). 
A 
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"Interpretation teachers", in their turn tend to see 
language not only as an instrument by means of which meaning 
is received from others, but also as a tool to think with, 
by means of which meaning is constructed and interpreted. by 
the knower, and knowledge reshaped, It is clear that a con- 
structivist view of knowledge implies an interpretation view 
of language. The adoption of such a view will require a 
shift from language controlled almost totally by teachers to 
a wider*use of opportunities for pupils to use language by 
talking, writing and reading. 
One way in which the use of written and spoken language 
by pupils can be fostered is through approaches similar to 
the one proposed by Nussbaum and Novick (1981), in which 
pupils have a chance not only of becoming more aware of, and 
to systematize, their own views, but also to discuss other 
people's ideas* 
Sutton (1981b). proposes the use of what he calls "burr 
diagrams" as a way of helping both teachers and pupils to 
get insights into the pupils, patterns of connotations in 
relation to a particular concept. A key word related to the 
topic under consideration is written in the centre of a page 
or on the blackboard and pupils are encouraged to talk about 
it. Words arising during the talk are linked to the central 
thematic word, with the key connections (those leading to the 
curricular denotation of the word) being stressed by the 
teacher. Some of the curricular meanings of the word will 
have to be introduced didactically by the teacher, since some 
of the ideas of science are too remote from everyday life 
experience and talk. The usefulness of the exercise resides 
in. preparing the pupils (by having to sort out their own 
meanings for the word) to explore other p, cople's thoughts. 
Sutton argues that care must be taken in the process not 
to dismiss the idiosyncratic connotations made by pupils 
as peripherical and dispensable, since they very often 
give reality to the new idea being taught, by making it 
more tangible and visual. The aim of the approach is there- 
fore to offer the chance for pupils to enrich and reappraise 
the personal connotative meanings of a concept with a more 
consensual denotative one. 
Diagnostic questionnaires, such as for instance the one 
used by the teacher in Case Study II (Chapter 11) constitute 
another technique which allows teachers to assess the general 
patterns of conceptions in a class in a relatively short 
period of time. At the same time, by answering the question- 
naire the pupils can become more conscious of their own con- 
ceptions. As argued before, this consciousness is regarded 
as the most important pre-condition for conceptual changee 
A-comparison of the lessons analy-sed in Case Studies I 
and II shows a higher degree of pupils' initiative and 
participation in the classroom discourse in the second case. 
One difference between the lessons was that the first was 
based on a demonstration and the second on a diagnostic 
questionnaire, and that could be one of the factors influencing 
pupils' behaviour., The act of answering the questionnaire 
prepared them for the interaction with the teacher by making 
them more aware of their own conceptions and by signalling 
the possible development of the lesson. 
But Case Study II (Chapter 11) also illustrated the 
difficulties faced by the teacher (in spite of her experience) 
in dealing constructively with the instances of "children's 
science" advanced by the pupils in the questionnaires and 
during the lesson, Instead of exploring them from a respect- 
ful point of view, she dismissed them (through negative eva- 
luation and unfair analogies) and from the very beginning 
pressed with the presentation of "teachers' science" (Section 
11.3). 
14.3.2 Group Discussi'on. In the case study commented 
above the diagnostic questionnaires were answered 'individually 
by the pupils. The task however can also be done in small 
groups. The use of small group discourse has been advocated 
by Barnes (1976) on the grounds that it induces pupils (by 
having to communicate their ideas to their peers) to use 
language as a thinking tool as well. The approach is not, 
however, without risks for its success depends on careful 
choice of materials and planning from the part of the teacher. 
Hornsey and Horsfield's (1982) study of group work, 
involving first to third-year science pupils, suggests "that 
if pupils are allowed to develop as groups, which have been 
carefully mixed and prepared, then the language and social 
interac, tions are educationally worthwhile". They noticed a 
relatively high number of specula. tive questioning and 
answering by the pupils, more reasoning than recall, and 
longer utterances (when compared to the ones in formal 
classroom discourse). On the other hand, the linking of 
existing knowledge with the materials presented for discussion 
I 
was infrequent, and that may indicate ".. the need for 
further investigation into the nature of materials selected, 
or perhaps, closer examination of social pressures generated 
amongst pupils who had little experience of teacher-less 
groups". 
In spite of its potential, the use of groups in science 
teaching currently appears to be restricted to practical work, 
and even so, mostly to serve organizational purposes (e. g. 
quantity of equipment not enough for providing each pupil 
with a set) rather than as a teaching strategy (Sands, . 1981). 
14.3.3 Practical Work. Practical work is one sort of acti- 
vity which could, in principle, induce groups of pupils to 
talk and write about their ideas. It has also. a. well 
established tradition in British science teaching, and more 
often than pot pupils spend most of their time in science 
lessons involved with it. Beatty and Woolnough (1982) point 
out that in a large sample of teachers in England and Wales, 
83% of them reckoned to spend bet ween 40 and 80% of their time 
on practical work* That research was directed to the 11-13 
year band, and my own observations in the 13-16 band, al- 
though less representative, conveyed the impression 
that a-large share o-f science teaching time was dedicated to 
some form of practical work, 
It seems., however, that the*fulJL potential of this acti- 
vity is rarely explored.. Sands (1981) investigated groups of 
first to third year children doing practical work in six 
comprehensive schools involving 13 teachers. He observed very 
little imaginative talk, with the pupils for most of the 
time working mechanically through their worksheets, lie 
suggests that this behaviour can result from the way in 
which the tasks were set by the teacher. Rarely 'was there '0 
a constructive discussion involving the sharing of experiences 
between groups-before and after the manipulation of the 
apparatus. When follow-ups were observed they consisted 
of writing the results of each group on the board, with a 
brief summary and instructions for the writing-up of the 
experiment. 
The two case studies involving practical work presented 
in this thesis shows aspects which illustrate these points. 
In Case study III (Chapter 12) the group observed started 
the work by following mechanically (although not correctly) 
the instructions of the worksheet. Perhaps some of týeir 
problems could be avoided if a class-and/or group discussion 
about the aims and procedures were organized beforehand. 
The follow-up by the teacher did not include a discussion of 
the conclusions and problems faced. by each group; it consisted 
of the-teacher-summing-up some of the points he considered 
relevant* 
Case Study IV (Chapter IV) illustrated an extreme instance 
of pupils ýeing guided through a sequence of measurements and 
calculations, the full meaning of which they were not aware of. 
The approach followed by the teacher seemed to value more a 
neat presentation. of the-writing up (Apparatus, Method, 
Results, Conclusion), than any discussion about the practical. 
Even the phrasing of the conclusions was presented by him, 
Practical work can be an instrument for promoting 
awareness of one's own ideas and of other persons' ideas, 
It can also help conceptual change and conceptual consoli- 
dation. For this to happen, however, the "hands on apparatus" 
approach is not enough. More important than this would bc 
to encourage discussion before and after the "experiment" 
in which predictions and conclusions are talked about; to 
encourage the reading not of recipe-style workshects, but of 
less directive materials that would require inter-group dis- 
cussion; and to encourage and value original writing up of 
the activity* 
14.4 Implications for Curricular Science 
In Chapter 4 of this thesis it was pointed out that 
"curricular science" tends to be based on (ofien implicit) 
and to reflect assumptions concerning the nature of human 
knowledge in, general and scientific knowledge in particular, 
It can be argued for instance that the style of presen- 
tation *of traditional textbooks (represented in this study 
by Abbot's O-Level Physics, Nelkon's CSE Physics and Jardine's 
Nat Phil) can be seen. as, both a product of, and an instrument 
for, the reproduction of a Transmission view of knowledge. 
On the other extreme, materials developed during the curri- 
culum reform movement of the sixties (represented in this 
study by Revised Nuffield Physics) followed in general a 
discovery learning approach. In Section 14.2.1.1 stressed 
the fact that both approaches fail to consider properly the 
implications of a constructivist view of knowledge for science 
educationo 
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In the previous section I dsicussed some implications 
for the classroom, derived from the constructivist perspective 
assumed in this study. Science curricula assuming such a 
perspective will have to incorporate in their design ways of 
actualizing such implications. In particular a consideration 
of "children's science" in the design of instructional sequen- 
ces will be required, including materials with potential for 
inducing the use of writing, speech and reading and an "Inter- 
pretation", in the sense proposed by Barnes (1976). use of 
language. Being a new development, including a view of 
knowledge different. from the ones governing existing curricula, 
the design of teachers' guides would seem to be as important 
as material designe*d for pupils' activities, 
With regard to the nature of scientific knowledge, it 
was pointed out in Chapter 4 that "curricular science" tends 
to convey an empiricist view of science. According to this 
view scientific knowledge is conceived as being derived purely 
from ýeutra'l observations of nature The fact that such a 
view was superseded * by -developments in the philosophy of 
science which took place in the last quarter of a century, 
was discussed in Chapter 2. 
Thereseems therefore to be a need for "durricular science" to 
introduce in a more explicit way updated views concerning 
the nature of science as a human enterprise. The idea-that 
science education should aim as well at the exploration: of 
science as a cultured activity, taking into account its 
history, philosophy, was voiced by several authors (e. g. 
Elkana, 1970; Brush, 1974b; Ebison, 1974; Russell, 1981). 
This idea was also advanced in ASE (1979) and incorporated 
in "Education throu*gh Science", the most recent policy docunent 
-of the Asspcýation for Science-Education (ASE, 1981), 
In this study, I singled. out Kuhn as a representative of IW 
the modern "We 1 tans chauungen" perspectives which superseded 
the empiricist tradition of philosophy of science (Chapter 2). 
His views, considering the role of paradigms influencing the 
development of scientific theori&s- are compatible with a 
-constructivist perspective of human knowledge. But I do not 
want to imply that his views- are pnlqt! e irk.. this respect, 
Popper (1968), Lakatos (1970), Toulmin (1972) -and Feyerabend 
(1975), for instance, fall in the same categOýy. 
I am not advocating that science curricula are to be 
transformed in courses on philosophy or history of science. 
I would argue, however,. that the use of suitable historical 
examples could be instrumental in conveying ideas about the 
nature of scientific knowledge. The prevalence 'of the 
Newtonian paradigm in Optics, in. spite of some of its 
obvious inadequacies, and the resulting hostility towards 
Young's ideas in England (Sections 892.3 and 8.2.4a) can be 
used as an illustration of the conservative role played by 
paradigms in science. Similarly Kepler's mystical ideals 
in relation to the Sun (Kuhn, 1977b. ) can serve as an illu- 
stration of the influence of broader worldviews in the develop. 
ment of scientific theories. It should be not surprising 
that such examples are not usually part of "curricular -science" 
based on an empiricist tradition, 
A more careful consideration of the history of science 
can also serve the purpose of helping the teaching of some 
concepts, mainly when parallels can be drawn between' 
"children's science" and past stientific ideas. As it was 
shown in Chapter 10, for instance, the usual presentation 
of the inertial view on motion is based on assumptions which 
are not warranted by the history of science. On the other 
hand, no mention is made-to the "impetus" theory of motion 
de. veloped during the Middle Ages, to which a common pattern 
of "children's science" is similar. By stressing such simi- 
laritie. s "curricular science" can induce teachers to consider 
with more respect their pupils' alternative conceptions, 
It can also help pupils to see the value of their constructions, 
and at the same time by showing how similar ones changed in 
the course of history, it can help them to reconstrue their 
views a 
Modifications in science curricula such as the ones 
suggested above will require an appraisal of the content of 
the already overloaded syllabuses at CSE and O-Level. If 
more time for pupils' use of language is to be given, and 
if a more serious treatment of history and philosophy of 
science is to be included, part of the existing content will 
have to be left out* I can only agree with the comment of 
Driver (1983) that "perhaps curtailing the syllabus is not 
t6o great a price. to pay if as a. result pupils gain greater 
confidence in their understanding of the ideas covered". 
But it nust also be realized that curtailing the syllabus ef- 
is not a trivial decision for a teacher, or department to 
take in an examination-oriented system. Collective coordinated 
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action leading to negotiations with the examining boards will 
have to be considered, 
14.5 Further Research and Development 
In the previous sections of this chapter I consider some 
general implications of a constructivist view of knowledge for 
classroom interaction and for science curricula, In this 
final section I will suggest some areas which the writing of 
this study indicated as needing further research and develop- 
mente 
14.5.1 Children's Science. The number of studies concerning 
children's ideas about specific concepts in science have in- 
creased considerably in recent years. Physics however has 
been a privileged discipline when compared to biology and 
chemistry. But even in physics, some areas have been far more 
investigated than others, as for instance mechanics* Other 
areas like electricity and heat received less, but still con- 
siderable attention. On the other hand, optics was very 
little explored (Chapter 8), and sound apparently not investi- 
gated at all. Since information concerning children's con- 
ceptions can be helpful for teachers and curriculum planners, 
it is desirable to extend the investigation of children's 
conceptions to those areas which so far have been almost 
completely ignored. 
Apart from the exploration of children's ideas about 
specific conceptso there is also scope for research on more 
general characteristics of "children's science". In Section 
3.4.2 some general patterns of understanding in "children's 
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0 11 . science , suggested by Gilbert, Watts and Osborne (1982) 
were presented. Those patterns were identified in relation 
to concepts in mechanics and further studies concerning 
their generality (over populations of pupils and over 
different concepts) are recommendable. Other general 
characteristics which deserve further exploration are 
notions such as physical laws and regularities (Rodrigues, 
1980) and conceptions of science and scientific method 
(Swift, 1981). In relation to the latter, it would be 
interesting to investigate the effect exerted by the media 
(TV, cinema, comics) in the development of children's 
ideas . 
14.5.2 Students' Science. In Chapter 6 some general out- 
0 
comes of science teaching, based on a categorization suggested 
by Gilbert, Osborne and Fensham (1982) were presented. A 
further category not described by these authors was identi- 
fied, and that seems to indicate the need of further explora- 
tions concerning the comprehensiveness and generality of 
these categories* As in the case of the patterns of under- 
standing in "children's sc. iencell -these categories can serve useful 
descriptive purposes, but they need to be vindicated by 
further research* 
In their research Gilbert, Osborne and Fensham. (1982) 
did not investigate how the suggested outcomes of science k 
teaching are related to the context in which they were 
developed, since their aim was to use the categories for 
descriptive purposes only. It seems desirable to extend 
the scope of the research and to explore, for instance, 
whether (and how) the outcomes described can be linked to 
the pupils' initial conceptions and to their learning cxpe- 
riences. The investigation of such connections can throw 
some light on the process of conceptual change, 
14.5.3 Conceptual*Change. Research on strategies for con- 
ceptual change from a constructivist point of view have been 
until now conducted on a limited scale with researchers being 
more concerned with the ident ification of children's ideas 
than with their transformation. Studies such as the one 
conducted by Nussbaum and Novick (1981), involving the develop- 
ment of a strategy and its implementation for the teaching 
of a specific concept have been the exception rather than the 
rule* 
General ideas and strategies have been proposed in 
research papers, and books specially directed to an audience 
of teachers were recently published (Sutton, 1981c; Driver, 
1983). Such efforts are commendable, since they can rouse 
the teachers'. awareness for the new view and even induce some 
of them to try and develop the recommendations by themselves. 
But if science education based,, on a constructivist perspective 
is to bridge the gap between science education journals and 
science classrooms, researchers in the field will have to 
meet the challenge of testing their approaches in real 
situations and well defined contexts. What sort of material 
can, for instance, be used to induce a group discussion 
directed to help pupils to become more aware of their views 
about a specific concept? What experiment can be used to 
challenge another specific concept? What analogy, metaphor 
or historical example can be employed by a teacher to facili. 
tate the understanding of a new interpretation? If an inno- 
vation is to succeed, it is their proponents task to show it 
in action. 
The implications for the classroom described in Section 
14.3 offer a basis for developments but their actualization 
in teaching methodologies, however, will require their testing 
in real classrooms. Probably the best arrangements for such 
developments will consist of a cooperative enterprise between 
research workers and school teachers, that could lead to the 
breaking of barriers between teaching and research. 
14.5.4 Curricular Science. Developments towards a technology 
for constructivist science teaching will have to be, if such 
a perspective is to become wider disseminated, incorporated 
in the design of new science curricula. , Mis is a task that 
will demand a high degree of articulation between teachers and 
researchers and-political negotiations with the examining 
boards, since modificat ion in the content and in the forms of 
assessment of existing syllabuses, will be required. In the 
development of new curricula a considerable amount of material 
resources is also needed, and in the present climate these do 
not seem to be available. 
The considerations above s. eem to indicate that the design, 
testing and implementation of new comprehensive curricula is 
-. not a development to be accomplished in. the near future. Mean- 
while, there is. -still scope for more piecemeal sort of research 
and developmentq that can pave. the way for developments on 
a larger scale* 
In Chapters 8 and 10, a sample of curricular materials 
was investigated in relation to the topics "Light and Colour" 
and "Force and Movement". The result was a critical analysis 
of such materials, informed by a study of "scientists, science" 
and "children's science". This sort of analysis can be help- 
ful to teachers, curricula developers and textbook writers, 
by pointing at problems with the existing presentations. The 
exploration presented in this study was restricted to two 
topics and a sampl e of four textbooks. I would suggest the 
desirability of conducting studies of the same sort in other 
central. topics of school science, and to extend the sample 
of textbooks, including for instance A-Level materials. 
A sort of development which could be helpful for 
teachers wishing to redirect their practices towards a more 
constructivist perspective is the production of materials 
designed to be used in conjunction with existing textbooks 
and syllabuses. Watts and Gilbert (1983) are producing 
a series of booklets centered on specific physics concepts 
(force, gravity, energy, light and heat). These booklets 
consist of a diagnostic questionnaire, an exploration of 
the curricular treatment of the concepts, a description 
of patterns of children's conceptions identified in inter- 
views and questionniares and recommendations for their use. 
14.5.5 Teacher Educo-tion. One area in which urgent research 
and development seems to be needed is teacher education. 
Here I am using the term education in the broadest possible 
sense, includingnot only pre and in-service training of 
science teachers, but education as a process aiming at the 
arousal of one's consciousness. 
In the same way that pupils develop their own concept- 
ions about science concepts, teachers do deirelop their own 
views about the natu're of knowledge and education. Most of 
practising teachers and teacher trainees have been educated 
in a system based on a non-constructivist approach to knowledge 
and on an empiricist view of the nature of scientific knowledge. 
As such they tend to conceptualize their educational problems 
inside this framework, and researchers must be aware that the 
problems as identified by teachers and teacher trainees are 
likely to be different than thd--one-s -11dentified by them (Olson. 1981a) 
But the adoption of a constructivist view of science 
education will require the acceptance of such a view by 
teachers, and for most of them this will imply a conceptual 
change. The development of new curricular materials, the 
publication of books and of research papers supporting the 
new view can be helpful in inducing some teachers to reflect 
upon their practice from a different perspective, and possibly 
to change it. But this sort of incidental education will 
not be enough* 
The creation of opportunities and the development of 
materials and strategies for teacher education (pre and in- 
service) would seem to be essential. It would seem important, 
however, for such education to follow a constructivist approach, 
starting with a critical reflection on the part of the teachers 
of the existing practices and materials, and of the usually 
"taken for granted" assumptions underlining them. It is in 
this context that the discussion of case studies such as the 
ones presented in this thesis can serve the pedagogical 
purpose of offering to teachers and trainees the chance of 
reflecting on existing practices and provisions, as a starting 
point for the acceptance of new ones, 
The creation of opportunities for teacher education, 
does not, however, seem to be restricted to formal courses. 
One encouraging new avenue for the introduction of changes 
in science education is the recently established Secondary 
Science Curriculum Review Project (West, 1982). It is the 
aim of that project to promote the development of new 
approaches to science teaching through the interaction between 
science teachers and researchers. It would be advisable for 
those researchers advocating a constructivist approach to in- 
volve themselves in such, or similar, collaborative efforts, 
In this sort of common undertaking, researchers can 
help teachers to become more aware of recent developments, 
and on the other hand be helped by teachers to become 
themselves more aware of the practical problems related to 
the introduction of educational innovations. Through this 
process of mutual education, maybe, the right combination 
between research and practice can be approached. 
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APPENDIX 
0 A Summary of Sinclair and Coulthard's Scheme for Analysis 
of Classroom Discourse 
(based on Sinclair and Coulthard, 1975 and Open University, 1979) 
A-1 IntToduction 
According to Sinclair -and Coulthard, lessQns in which 
the teacher is in front of the class, interacting with it as 
a whole, can be decomposed in five ranks: Lesson (L) , Trans- 
action (T) , Exchange (Exch) , Move (M) , Act (A) These ranks 
arc hicrarclically organized, that is, the major units are 
composed of a number of the less inclusive ones: a lesson is 
composed of a number of Transactions, which are composed of 
Exchanges, and so on (Fig. A. 1)e 
LCSSOfl...... e........ S.. "ses5ss. "s. s5. 
L 
Transactions......,,,,,, Tl T2 
Exchanges ...... Exchl 
moves.. 6900 mm 
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Fig. A. 1 The structure of lessons 
ii 
A. 2 Description of the Ranks 
A. 2.1 Acts. These are the units at the lowest rank of dis- 
course. Sinclair and Coulthard propose twenty-two acts, 
which are defined in terms of their discourse function 
(Table A-1). Although they claim that these Acts are suffi. 
cient to describe all classroom discourse, in a few occasions 
I find it impossible- to -classify some Acts according to the 
categories suggested. In such occasions I classified the 
Acts as Others (Oth)*. 
Table A. 1 Definition of Acts (Coding Categories) 
(According to Open University, 1979) 
LABEL SnMDL REALIZATION AND DEFINITION 
marker m Realized by a small class of items - 'well,. 'OKI. 'now' . Igood', 'right', lalright'. When a marker is the main item in a framing move, it has a falling intonation, and is followed by a short pause. Its function is to mark boundaries in the discourse. 
starter S Its function is to provide information about, or direct attention to, or thought toward, an area in order to make a correct response to the initiation more likely. 
elicitation el Its function is to request a linguistic response. 
check ch Realized by a. small class of polar questions concerned with being 'finished' or 'ready', having 'problems' or 'difficulties', being able to 'see' or 'hear'. They 
are 'real' questionsp in that, for-once, -the teacher doesn't know the answer. (If he does know the answer to, for example, 'are you listening', it is a directive, not a cbeck. ) The function of checks is to enable the teacher to ascertainWhether there are. any-problems preventing the successful progress. ofthe lesson, 
d Its function is to request a non-linguistic response* to directive get the pupils to do something, 
infonnative i Its sole function is to provide informatione The only response is an acknowledgement of attention and understanding, 
III 
prompt p Realized by- a sm. all class of iten. s ---! I go on, ,I come on I, 'hur? T up'. 'qui6klyl., * 'have -a guess'. Its : ýunction is to reinforce a directive or elicitation by suggesting that the teacher is no longer requesting a response but 
expecting or even demanding one. 
It is subordinate to the main item in an initiation and functions by providing additional information which helps the pupil to answer the elicitation or comply with the directive * 
clue Cl 
cue cu 
bid b 
Realized by a smll class of utterances, examples of which are 'hands up', 'don't call out', 'is John the only one,. Its sole function is to evoke an (appropriate) bid. 
Realized by a sm1l. class of verbal and non-verbal items. - 'Sir'., 'Miss". teacher's name, raised hand, heavy breathing, finger clicking. Its function is to signal a desire to contribute to the discourse. 
nomination n Realized by a small class consisting of the names of all the pupils, 'you' with contrastive stress, 'anybody'. 'yes'.. and one or two idiosyncratic items , such as 'who hasn't said any- thing yet'. The function is to call on or give permission to a pupil to contribute to the discoursee 
acknowledge ack Realized by 'yes', 'OKI. Icorl., Im', 'wow', and certain non-vcrbal gestures and expressions. Its function is simply to show that the initiation has been understood, 
reply rep 
react rea 
cornmcnt com 
accept acc 
cvaluate a 
Its function is to provide a linguistic response which is appropriate to the elicitation. 
Realized by a non-linguistic action. Its function is to T do the appropriate non-linguistic response defined by ovpireceding directive. 
Realized by statement and tag question. It is subordinate to the min item in the'mve and its function is to exemplify, expand, justifyv provide additional information. On the 
written page, it is difficult to distinguish from informative because the outýiderls ideas of relevance are -not. always the same. However, teachers signal paralinguistically, by a paUSe, when they are beginning a new initiation with an informative as its main unit; otherwise they see themselves 
as commenting. 
Realized by a small class of items yes 'no good' J. 'final and repetition of pupil's reply, all with neutral low fall intonation. Its function is to indicate that the teacher has heard or seen and that the informative, reply or react was appropriate. 
Realized by statements and tag questions including words 
and phrases such as i 'good', 'interesting', 'team point', commenting on the quality of the reply, react or initiation, also by 'yes', 'no', '. good', 'fine', with a high fall into. nation and repetition of the pupil's reply with either high 
IV 
fall intonation and repetition of the pupil's reply with either high fall (positive) or a rise of any kind (negative evaluation). 
silent stress A Realized by a pause of the duration of one or more beats, stress following a marker. If functions to highlight the marker when it is serving as the main item in a boundary exchangc indicating a transaction boundary. 
metastatement ms Realized by a statement which refers to some future time when what is described will occur. Its function is to help the pupils to sec the structure of the lesson, to help them understand the purpose of the subsequent exchangc, and see where they are going. 
conclusion con Realized by an anaphoric statement, sometimes marked by slow- 
. ing of speech rate and usually the lexical items 'so' or 'then'. In a way it is the converse of mctastatement. Its function is again to help the pupils understand the structure of the lesson but this time by summarizing what the preceding chunck of discourse was about, 
loop Realised by a small class of items - 'pardon', 'you what', lehl, 'again', with rising intonation. and a few suggestions like 'what did you say', 'what do you mean'. Its function is to return the discourse to the stage it was at before the pupil spoke, from where it can proceed normally. 
aside Z Usually marked by lowering the tone of voice, and not really addressed to the class. It is really instances of the teacher talking to himself, 'it's freezing in here', 'where did I 
put my chalk'. 
In the following illustrative sequence the Acts are identi- 
fied. Some of the conventions used in this study are also shown. 
For instance, the numbers in front of the symbols for the Acts 
represent the order in which they appeared in the lesson they 
were extracted from* 
V 
Class of ACt 
'Teacher But today we are more in .*. the stage lighting Number business the disco ligbting business and we'll be of Act looking today not at paints to begin with ... but at-coloured light so and try to sort out whatever other special meaning for what we call the primary 14 colours wben we're talkinR about coloured liebt *9 016 ms if you're putting . -. coloured lights together liFF stage lighting then .. the combination that gives us white is what we call theprimary colours now .. 
017 i ? 51-8 m 
" this might come up not only in stage lighting disco lighting 019 s 
" where else do we mix-coloured lights? to .. give us 020 el " you may not be aware that you're mixing coloured lights but there's another area that takes quite a lot of your time in the course of the day I suspect for some of you where colours, are p4t together to give you a whole -range of colours 021 cl 
" anybody can tell me? 022 p 
Boy B). Telly T 023 rep 
T). Television colour television is wbat I am thinkinji of 024 e 
Dot indicating the Double space indicating 
starting of an Act change of speaker 
The sequence starts with a metastatement (act 016) in 
which the teacher describes in general terms what the lesson 
will be about. This is followdd by a short informative act 
(017). a marker (018), and a starter (019). In act. 020 the 
teacher tries to elicitate an answer from the pupils, and 
in act 021 she offers a clue. Act 022 is a prompt used to 
reinforce the elicitation. In act 023 a boy answers the 
question and his answer is evaluated in act 024. 
A. 2.2 Moves. ana ExchanResi 'Thbse are c6hstituted by a numbdr' 
of acts. There are five classes of moves and these realize 
I 
vi 
Number of'the 
Exchange 
two classes of Exchanges: 'Boundary and Teaching Exchangese 
a) Boundary Exchanges _(B)_. Their function is to signal 
the beginning or the end of the major units in a lesson 
(Transactions). Boundary Exchanges are realized by two classes 
of moves. 
Framing (Fr): Indicates a boundary between large units 
in the discourse (Transactions). 
Focussing (Fo)_: Indicate the direction in which the 
lesson is going to proceed or are used to summarize a discussion* 
In the following sequence a Boundary Exchange (Exch 001) 
composed bf a Framing and a Focussing Move is illustrated. 
7)ý; pe of 
Exchange 
061 B 
C-02- E 
e 
0 
oc I 
Class of Move I 
Fr T), OK ****a act. 001 m Fo . we want to look at the combination of colours 002 ms 
A 
II 
a. 
0 if I ask you what the primry colours are'?, .ooe 003 el - wiiat sort ot answers 0 UU4 P 005 cl 91 can get two different sort of answers always 
B). Blue red and yellow B). Blue B). Yellow yellow Ss). Red blue and yellow 
004 
006 rep 007 rep* 008 rep 009 rep 
Lines indicating the starting 
of a Exchange 
vii 
b) Teaching_Exchanges. These are defined as the indi- 
vidual steps by which the lesson progresses (Sinclair and 
Coulthard, 1975) or a minimal interactive unit of conversation, 
. for example a question followed by its answer (Open University, 
1979). Three classes of Moves appear in Teaching Exchanges. 
Opening (: Often performed by the teacher but sometimes 
by pupils. Its function is usually passing on an information, 
directing an action or eliciting an answer. 
Answering__(A): A verbal reply to an elicitation, or a 
non-verbal reaction to a directive, usually performed by the 
pupilse 
Follow-up___(F): Usually serves the function of providing 
a feed-back to the pupils in relation to an answer, or to a 
piece of information advanced without elicitation. This sort 
of Move is. seldom performed by pupils. In the structure of 
classroom discourse Follow-up Moves are used to close Teaching 
Exchanges. 
Sinclair and Coulthard consider the following categories 
of Teaching Exchanges* 
Teacher Inform : This exchange is used when the 
teacher is passing on facts, opinions, ideas, new information 
to the pupils. The pupils may, but usually do not make a 
verbal response to the teacher's. initiation. Often it con- 
sists only of an Opening Move. In the following sequence, 
Exch 076 constitutes an example of a Teacher Inform Exchanges 
I 
viii 
075 Re-i 0 T). Dear me 246 z 
. yeah .. do go on 247 p(n) 
A B). A .. red orange yellow green 
F T). Oh well done red orange yellow jZreen blue indipo 
076 
248 rep 
violet 249 c 
.. yellow comes sort of-between .. red and Rreen so perhaps .. our well it's , really our brain responds to the average of .. red and green and sees it as 
-the_yellow .. that's how we respond to the sort of 
077 combination or average of the red and_green . what's ... apart from them loo ling different colours .. hum if we thought about radiations before 
what we thought of being different about red and green? or you know .. the different colours ... they have different? 
251 s 
252 el 
253 cl 
Teacher Direct (Dj: This category covers all exchanges 
designed to get the pupils to do but not to say something. 
Realized by an Opening Move followed by a non-verbal Answer 
Move. Sometimes a-Follow-up move is also included. In the 
sequence below Exch 036 is an example of a Teacher Direct 
Exchange* 
viv ii %. R . --- --- f%^ A -3 
f1% 7 rl nA- hnw nre we crettincr aii ttiose catterent coiours., vip. 3 U 035 
B Fr T). Yeah oo all riLht OK 092 m 
. shall we have one hand in for start UJI4 
. A 
037 E0 T) . Now . we really ... it would help if we . hum what did we start of with? 
095 rea 
096 m 097 oth 098 el 
Ix 
Teacher Elici : This category includes all exchanges 
designed to obtain verbal contributions from pupils, Very 
often it is used by the teacher to move the class step by step 
to a conclusion. In most of the cases it is realized by a 
sequence of Opening, Answer and Follow-up Moves, It is con- 
sidcred the most common type of Exchange in classroom discourse. 
Represented by Exch 038 in the following example* 
038 E0 T). Mmt colours have we got there? 100 Cl 
A. B). Red blue and green 101 rep 
F T). Red blue and green 103 c 039 10 and we've now added .. what we could describe as a pinky red yeah? and a bluey green ee 103 i 
Pupil Elicit (P-E): Characterized by an Opening Move in 
the form of a question, performed by a pupil. Represented by 
Exch 046 below. 
045 E0- T). What does gravity do to it? 
A B). (Roberts) Bring it down 
F T) - Yeah 
046 P-B 0. B). Uby it goes straight down? Uby? 
A B) (Roberts). It forces 
047 E0 T). What's the what's the result of that downwards force of gravity on the ball? 
129 el 
130 rep 
131 e 
132 el 
133 rep 
134 el 
x 
Pupil_Inform (: Information advanced by a pupil 
without request on the part of the teacher, Represented by 
Exchs 092 and 094 in the following sequence. 
091 E0 Roberts do you still ie-e-I that remote control you know your supcrforce are you you can act after you stopped touching the ball?., 
A B), (Roberts) No .. but the force you put into the ball carries on going in that direction and that is what I want to say put it in that way gravity won't pull it straight down 
Yeah 
092 P-I 0 B). It comes down gradually 
093 10 T). I would like to do a swap .. in ideas there . hum ... in that your force acts while you're in contact with it uftile you can actually force it 
... what you do is to give the ball speed you accelerate it .. and then 
094 -P-I 0 B). Y6ulve directed it 
253 el (n) 
254 rep 
255 e 
256 i 
257 
2S8 i 
259 i 
Check (Ch): The teacher uses a Check Act to assess if the 
lesson is being followed, as in Exch 096 below, 
095 .. 10 T). We use another word for what you've given the ball .... we call it its momentum .. and that's a strange word that you haven't come across again but there's a difference between a ball sitting on the ground and one heartening towards you 096 Ch 0 would you agree?. * 
A-- B). Yes 
260 i 
261 ch 
262 rep 
xi 
Re-initiation (Re-i): Used by a teacher when he gets no 
response to a question or a wrong answer. Usually, prompts, 
clues and nominations are attached to the original elicitation. 
Represented by Exch 072 to 075 below. 
00 40 
071 E0 hum 23-7 M 
except if you think through the spectnzn ... think through the spectrum **e* 238 s wbat is the sort of average of red and green? 9s. 239 el 
- 072 Re . yeah you've got what? -red-.. 0 
40 
3 Re-i 0 F-Oing throuph the spectnm L41 C 
-074 Re-1 0o raln55W 
.0 
A 13). Orange B). Red orange B). Red orange 
075 Re-i 0 T). Dear me 
. yeah .. do go on 
A .. red orange yellow green 
violet 
T). Oh well done red orange yellow green blue indigo 0 
-2-4-0-el 
4L Cl 
243 rep 244 rep 245 rep 
246 z 247 p(n) 
248 rcp 
249 
Listing (L): The teacher continues with the initial 
question until two or three answers to the question are offered 
by different pupils. In the following sequence Listing Ex- 
changes are represented by Exchs 082 and 083. 
xii 
081 E0 what else will tend to stop its forward motion 
as if you look'at it .. on bowling? 225 el 
A P). Something in the way 226 rep 
F T). Yeah you know if you club something on the way yeah 227 e 
- it could be .. the bat you ]mow the batsman over the cricket bat 228 com 082 L0 or? 229 el 
B). The three 230 rep 
F T). Here the three 231 e U83 E U- . -07 =. Z3Z el 
A B). The ground 233 rep 
F T). Hits the ground 234 e 
Reinforc :A very occasional Exchange bounded to a 
Teacher Direct Exchange. They occur when the teacher has told 
the class to do something and one child is-slow or reluctant 
or has not fully Understood. Not observed in the instances 
of classroom interaction which are part of this study. 
0 T) I want - ypu to take your pen and I want you to rub it hard as you can on something woolen d 
rea 
T). Not in your hair, on your jumper 
B). W 
cl 
rea 
Repeat (Rep): The teacher asks for an utterance to be 
repeated. Does not mean that the teacher did not actually 
hear what was said, The repeat may have been asked for 
other reasons. 
nat are you laughing at Rebecca? el(n) 
A G). (Rebecca) Nothing 
1D. -%p "lU 0 T). Pardon 
A G). (Rebecca) Nothing 
F T). You're laughinK at no 
rcp 
loop 
rep 
acc 
A small number of Exchanges observed In this study did not 
fit to any of the categories suggested by Sinclair and Couthard. 
In these cases I classified them as Others (Oth). 
A. 2.3 Transactions. These are the larger units in which 
classroom discourse is divided. They usually consist of a 
series of Teaching Exchanges limited by Boundary Exchanges* 
